A comparison between chiropractic manipulation and Kinesio® Taping and the combination thereof on postural kyphosis by Franzsen, Matthew Peter
  
COPYRIGHT AND CITATION CONSIDERATIONS FOR THIS THESIS/ DISSERTATION 
 
 
o Attribution — You must give appropriate credit, provide a link to the license, and indicate if 
changes were made. You may do so in any reasonable manner, but not in any way that 
suggests the licensor endorses you or your use. 
 
o NonCommercial — You may not use the material for commercial purposes. 
 
 
o ShareAlike — If you remix, transform, or build upon the material, you must distribute your 
contributions under the same license as the original. 
 
How to cite this thesis 
Surname, Initial(s). (2012) Title of the thesis or dissertation. PhD. (Chemistry)/ M.Sc. (Physics)/ 
M.A. (Philosophy)/M.Com. (Finance) etc. [Unpublished]: University of Johannesburg. Retrieved from: 
https://ujdigispace.uj.ac.za (Accessed: Date).  
A COMPARISON BETWEEN CHIROPRACTIC MANIPULATION AND KINESIO®  
TAPING AND THE COMBINATION THEREOF ON POSTURAL KYPHOSIS  
 
 
 
A research dissertation presented to the Faculty of Sciences, University of  
Johannesburg, as partial fulfilment for the Masters Degree in Technology:  
Chiropractic by 
 
 
 
Matthew Franzsen 
(Student Number:  200702525) 
 
 
 
 
 
      Supervisor:                                                                    Date: __________________ 
                                          Dr C. Bester 
 
 
      Co-supervisor: __________________________ Date: ___________________ 
                 Dr. S. Lawson 
 
 
 
i 
 
DECLARATION 
 
I, Matthew Franzsen, declare that this dissertation is my own, unaided work. It is being submitted as 
partial fulfilment for the Master’s Degree in Technology, in the program of Chiropractic, at the University 
of Johannesburg. It has not been submitted before for any degree or examination in any other 
University or Technikon. 
 
 
 
 
 
_________________________________ 
Matthew  Franzsen 
 
 
 
On this day the ________ of the month of _____________________ 2014 
 
 
 
 
 
 
 
 
 
 
ii 
 
 
 
 
AFFIDAVIT :   MASTERS AND DOCTORAL STUDENTS 
 
TO WHOM IT MAY CONCERN 
This serves to confirm that I, Matthew Franzsen, ID Number:   880301 5012 080, Student Number: 
200702525 enrolled student for the Qualification Masters in Technology Chiropractic Faculty of 
Health Sciences. 
 
Herewith I declare that my academic work is in light with the Plagiarism Policy of the University of 
Johannesburg. I further declare that the work presented in the study titled “A Comparison between 
Chiropractic Manipulation and Kinesio® Taping and the combination thereof on Postural Kyphosis” a 
minor dissertation, is authentic and original and that there is no copyright infringement in the work. I 
declare that no unethical research practices were used or material gained through dishonesty. I 
understand that plagiarism is a serious offence. 
 
Signed at __________________ on this ______ day of __________________ 2014. 
 
 
______________________________          ________________________________ 
Signature        Print name 
 
 
 
 
 
 
 
 
 
STAMP COMMISSIONER OF OATHS 
Affidavit certified by a Commissioner of Oaths 
 
 
iii 
 
DEDICATIONS 
 
I dedicate this dissertation firstly to my Heavenly Father without whom I would never have had the 
ability to complete my studies. Secondly, to my mother, Diane Franzsen, who’s steadfast support and 
unwavering love helped me to not only complete this dissertation but the course as a whole. I hope to 
make her proud with this work.  
 
To family and friends who gave me support and love and had faith in me to complete my studies. Thank 
you to you all. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
iv 
 
ACKNOWLEDGEMENTS 
 
To my supervisor, Dr Charmaine Bester. Thank you for all your advice, motivation, and the many hours 
spent revising my work and for guiding me in the right direction. Thank you for your patience and for 
keeping me driven. It was a privilege and an honour working with you. 
 
To my co-supervisor, Dr Simon Lawson. Thank you for your motivation and encouragement throughout 
this process. 
 
To Jurgen Becker at STATKON. Thank you for the fast, accurate and insightful work you did with 
regards to the results of my study. It is greatly appreciated. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
v 
 
ABSTRACT 
 
Introduction: Postural kyphosis of the thoracic spine is a common condition which affects a large 
percentage of the population. With an increase in anteriorly orientated activities, such as working on a 
computer, driving and studying, postural kyphosis has become more prevalent. Currently, the gold 
standard for the treatment of postural kyphosis is the stretching of the involved anterior musculature 
(pectoralis major and minor) and the strengthening of the involved posterior musculature (mid trapezius, 
rhomboids and levator scapulae). This involves the compliance of patients in the completion of 
exercises and stretching routines. This often resulted in poor outcomes as routines were performed 
irregularly or incorrectly. Although, if properly executed, this treatment protocol is effective, 
chiropractors, and other manual therapists, continue to search adjunctive modalities to improve the 
positive outcomes of their treatments. 
 
With the introduction of Kinesio® taping, the problem of patient compliance could be reduced. The tape 
is applied by the practitioner and simply left for several days. It has very little effect on the patient’s day 
to day activities and should continue to have positive impact on the involved musculature with no 
additional effort required from the participant. 
 
The benefits of chiropractic manipulation on the biomechanical relationship between a joint/s and linked 
musculature has long been recognised. However, very little research has been done to ascertain the 
direct benefits of chiropractic manipulation to the cervical and upper thoracic regions on postural 
kyphosis. This study will not only provide valuable information on these two modalities used 
individually, but also on the effectiveness of the combination of the two treatments. 
 
Method: This study was a comparative study consisting of three groups of ten participants. The method 
of treatment was determined by random group allocation. Group 1 received spinal manipulation to 
restriction(s) of the cervical and upper thoracic regions only. Group 2 received Kinesio® taping to the 
rhomboid muscle group only. Group 3 received the combination of spinal manipulation and Kinesio® 
taping. Subjective measurements consisted of the measurement of the thoracic kyphosis with the use 
of flexicurve ruler, a series of lateral view plumb line photographs and a set of secondary 
measurements consisting of three inter scapular measurements, one inter acromioclavicular 
measurement and two C7 to acromioclavicular measurements on each side. 
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Procedure: There were six treatment consultations over three weeks. The seventh consultation 
consisted of data collection only. Subjective and objective measurements were taken prior to 
treatments on each of the consultations, and on the seventh consultation, when no treatment took 
place. 
 
Results: The thoracic spine degree of kyphosis mean for Group 1 (chiropractic manipulation only) 
decreased by 15.34%, in Group 2 (Kinesio® taping only) it decreased by 15.54% and in Group 3 
(combination of chiropractic manipulation and Kinesio® taping) it decreased by 21.02%. These 
changes were supported by the six secondary measurements that all experienced the greatest 
improvements in the third group. The three interscapular measurements, superior angle of the scapula, 
middle of medial border of the scapula and the inferior angle of the scapula, improved by 15.5%, 12.7% 
and 12.49% respectfully. These improvements were far greater than those in groups one and two for 
these measurements. In addition great improvements could be seen on the lateral plumb line 
photographs in all three groups over the three week trial period. 
 
Conclusion: In the treatment of postural kyphosis it is most beneficial to combine both chiropractic 
manipulation of the cervical and upper thoracic regions with the application of Kinesio® Tape to the 
rhomboid muscle group. This helps to not only decrease the degree of thoracic kyphosis but also to 
retract the scapula into the correct position without relying on the patient to complete any form of home 
based additional treatment therefore alleviating the problem of poor patient compliance. 
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CHAPTER ONE – INTRODUCTION 
 
1.1 Problem statement 
 
Thoracic kyphosis is defined as an increase in the thoracic curvature (Teixeira and Carvalho, 2007). 
This can lead to upper thoracic and lower cervical pain as the posterior musculature is in a constant 
state of stretch while the pectoralis major and minor become hypertonic and may form active trigger 
points. The altered biomechanics of the spinal segments involved, as well as the joints of the shoulder 
girdle and ribs, may also cause uncomfortable restrictions in the joints leading to pain and inflammation 
(Hinman, 2004). Anterior head carriage linked with postural kyphosis can also lead to hypertonicity and 
pain in the sub occipital muscles as well as upper cervical spine restrictions and headaches. Increased 
kyphosis has become a more common occurrence in the world population amongst both women and 
men due to poor work and driving ergonomics coupled with poor muscle imbalance. Currently 
stretching and strengthening protocols are most often used but compliance has proven to be an issue 
in some cases. Some studies have shown Kinesio® taping (Aheam, Bird and Gordo, 2011) to be 
beneficial, however these studies are limited. Limited comprehensive studies have been done on the 
use of chiropractic manipulation to the thoracic spine in the treatment of postural kyphosis or the 
combination of manipulation with Kinesio® taping. 
 
1.2 Aim of the study 
 
The aim of this study was to determine whether chiropractic manipulative therapy to the thoracic spine 
combined with Kinesio® taping of the rhomboid muscle group had an additive effect in reducing 
postural kyphosis. Also, this study will contribute more evidence on the efficacy of Kinesio® Tape in the 
treatment of postural kyphosis, as well as to investigate whether chiropractic manipulation alone is an 
effective treatment for the condition. 
 
Thirty participants were allocated to one of the three groups. Group 1 received chiropractic 
manipulative therapy to the thoracic spine only. Group 2 received Kinesio® Tape applied to the 
rhomboid muscle groups bilaterally. Group 3 received chiropractic manipulative therapy to the thoracic 
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spine as well as Kinesio® Tape to the rhomboid muscle group bilaterally. Each group was treated twice 
a week for 3 weeks. There was a seventh consultation for measurements only. Patients had their 
thoracic kyphosis measured as well as changes to scapular positioning. 
 
1.3 Benefits of the study 
 
The benefits of this study demonstrated whether chiropractic manipulation to the thoracic spine, 
combined with Kinesio® taping of the rhomboid muscle group, has an additive effect in reducing 
postural kyphosis. Other benefits include contributing more evidence on the efficacy of Kinesio® Tape 
in the treatment of postural kyphosis as well as to provide evidence on whether chiropractic 
manipulation alone is an effective treatment for the condition. If this treatment protocol proves to be 
beneficial, it will limit the variable of patient compliance usually needed in the standard stretching and 
strengthening protocols most commonly used for this condition. This has added to the overall 
understanding of the condition and how best to treat it within the chiropractic scope of practice. 
 
Chapter two will review the literature relevant to this study. 
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CHAPTER TWO – LITERATURE REVIEW 
 
2.1 Introduction 
 
Thoracic Kyphosis is defined as an increase in thoracic curvature (Teixeira and Carvalho, 2007). This 
can lead to upper thoracic and lower cervical pain as the posterior musculature is in a constant state of 
stretch while the pectoralis major and minor muscles become hypertonic and may form active trigger 
points (Teixeira and Carvalho, 2007). The altered bio mechanics of the spinal segments involved, as 
well as the joints of the shoulder girdle and ribs, may also cause uncomfortable restrictions in the joints 
leading to pain and inflammation (Hinman, 2004). Anterior head carriage posture linked with postural 
kyphosis can also lead to hypertonicity and pain in the posterior occipital muscles as well as sub 
occipital restrictions and headaches (Bryant, Clark, Pau and Quek, 2013).  
 
Increased kyphosis has become a more common occurrence in the world population amongst women 
and men (Page and Vergara, 2002). Currently stretching and strengthening protocols are most 
commonly used but compliance can prove to be an issue. Some studies have shown Kinesio® taping 
(Aheam, Bird and Gordo, 2011) to be beneficial, however these studies are limited. Few comprehensive 
studies have been done on the use of chiropractic manipulation to the thoracic spine in the treatment of 
postural kyphosis or in the combination of manipulation with Kinesio® taping. 
 
Relevant cervical and thoracic spine anatomy and biomechanics will be discussed in this review 
chapter in detail. The review will then discuss the aetiology of postural kyphosis and the effects of 
Kinesio® tape and spinal manipulation. 
 
2.2 Functional anatomy of the cervical spine 
 
2.2.1 Cervical vertebrae  
 
There are seven cervical vertebrae that are located between the cranium and the first thoracic vertebra. 
These seven vertebrae are the smallest of the 24 movable vertebrae. The third to sixth cervical 
vertebrae are called typical cervical vertebrae. The first, second and seventh cervical vertebrae are 
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called atypical cervical vertebrae (Moore and Dalley, 2006). For the purposes of this study, only the 
lower cervical vertebrae will be discussed as these are the most pertinent. 
 
2.2.1.1 Typical cervical vertebrae (C3 to C6) 
 
A typical cervical vertebrae (see figure 2.1) has a small vertebral body and is longer from side to side 
than it is from anterior to posterior (Moore and Dalley, 2006). The pedicles of the vertebrae are located 
in between the superior and inferior surfaces of the vertebral body and project outwards in a 
posterolateral direction (Levangie and Norkin, 2011). The articular processes lie posterior and lateral to 
the vertebral body on the lateral masses (Moore and Dalley, 2006). The two flat and oval superior 
articulating facets are directed superiorly and posteriorly while the two inferior articulating facets are 
directed inferiorly and posteriorly (Kapandji, 1974). The obliquely placed facets are nearly horizontal in 
this region (Levangie and Norkin, 2011). 
 
 
Figure 2.1: Typical cervical vertebrae (C4) superior view (Netter, 2003) 
 
 
2.2.1.2 Seventh cervical vertebra (atypical cervical vertebrae)  
 
The seventh cervical vertebra is known as the vertebra prominens (see figure 2.2) and is so-named 
because of its long, slender spinous process. It demonstrates anatomic characteristics of both the 
cervical vertebra and the thoracic vertebra (Moore and Dalley, 2006). The superior articular facets 
match those of your typical cervical vertebrae, and the inferior articular facets match those of the 
thoracic spine (Bergmann and Peterson, 2011). This joint is of particular interest as it serves as a 
junction between the cervical and thoracic regions. It also marks the point at which the cervical lordosis 
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ends and the thoracic kyphosis begins (Aydin, Cavusoglu, Genc, Kaya, Koc, Turkmenoglu, Ziyal, 
2005). The seventh cervical spinous process also forms part of the origin of the rhomboid minor muscle 
which is one of the muscles being taped as part of this study (Moore and Dalley, 2006) 
 
 
 
 
 
 
Figure 2.2: Vertebra prominence superior view (Netter, 2003) 
 
2.2.2 Joints of the cervical region 
 
The two joints of interest in the cervical spine are the zygaphohyseal and intervertebral disc. The 
zygapohyseal joints are tear-drop shaped, with the superior facets facing superiolaterally lying midway 
between the coronal and frontal plane (Bergmann and Peterson, 2011). The inferior facets face 
anteriorly and inferiorly and are orientated closer to the frontal plane than the superior facets (Moore 
and Dalley, 2006). There is a large range of motion due to the joint capsules being proportionally thin 
and lax, however they do restrict motion at the limits of the available ranges (Levangie and Norkin, 
2011). The intervertebral disc (see figure 2.3) is located between the two articulating surfaces of the 
adjacent vertebrae and fulfils many functions. These functions include: forming the inferior half of the 
anterior border of the intervertebral foramen, shock absorption and permitting movement. 
 
 
 
 
 
Figure 2.3: Intervertebral disc (Netter, 2003) 
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The discs also play a role in producing secondary curves of the spine (Moore and Dalley, 2006). If the 
discs are in any way damaged or abnormally formed it can affect the natural curves of the spine 
predisposing the individual to either an increased or reduced cervical lordosis (Benzel, Hwang, Kayanja 
and Milks, 2006). 
 
2.3 Functional anatomy of the thoracic spine 
 
2.3.1 Thoracic vertebrae 
 
The thoracic vertebrae lie between the seventh cervical vertebra and the first lumbar vertebra. They are 
situated in the upper back and provide attachment for the ribs. This results in the primary characteristic 
features of these particular vertebra in the form of the costal facets for articulation with the ribs (Moore 
and Dalley, 2006). 
 
The T1 vertebrae shares some features of the cervical vertebrae (Moore and Dalley, 2006). This 
vertebra along with C7 (covered in cervical spine anatomy) and T2-5 are of particular interest in this 
study as this is where the rhomboid muscle group take their origin. 
 
 
 
 
 
 
Figure 2.4: T6 vertebra: superior view (Netter, 2006) 
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2.3.1.1 First thoracic vertebra  
 
T1 is a transitional vertebra and therefore poses characteristics of a cervical vertebra. It has a typical 
cervical shaped body with a transverse diameter practically twice the anteroposterior diameter. The 
spinous process of T1 is particularly long and prominent (Levangie and Norkin, 2007). 
 
2.3.1.2 T2 - T5 
 
These vertebrae share some of the characteristics of the cervical spine and transition from cervical like 
vertebrae to true thoracic vertebrae as they descend (Moore and Dalley, 2006). Lee, Szeto and Tsong 
(2013) found that these vertebrae do not only play an integral part in the movement of the upper 
thoracic spine but also in the movements of the whole thoracic spine as well.  
 
2.3.1.3 Remaining thoracic vertebrae  
 
The middle four thoracic vertebrae (T5-T8) demonstrate all the features typical of thoracic vertebrae. 
These include a body that is heart shaped and that has two costal facets for articulation with the heads 
of ribs, the presence of a circular vertebral foramen, long and strong transverse processes that extend 
posterolaterally and two sets of articular facets, the superior set facing posteriorly and slightly laterally 
and the inferior facing anterior and slightly medially. Finally a long spinous process that is sloped 
posteriorly and inferiorly is also characteristic (Moore and Dalley, 2006). 
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The articular processes of the thoracic vertebrae extend vertically with paired, nearly coronally oriented 
articular facets that define the arc centred in the intervertebral disc. This arc permits rotation and some 
lateral flexion of the vertebral column in this region. Attachment of the rib cage, combined with the 
vertical articulation of the articular facets and overlapping spinous processes, limits flexion and 
extension as well as lateral flexion (Moore and Dalley, 2006). 
 
 
 
 
 
 
 
Figure 2.5: T6 vertebra: lateral view (Netter, 2003) 
 
2.3.2 Joints of the thoracic region 
 
2.3.2.1 Intervertebral discs 
 
The thoracic intervertebral discs (IVD) have the thinnest superior to inferior dimension of the spine. 
Also, the discs of the upper thoracic region are thinner than those of the lower thoracic region (Cramer, 
Darby, 2014). In contrast to the cervical and lumbar IVDs which are thicker anteriorly and thinner 
posteriorly, the thoracic IVDs are of more equal distance and therefore do not contribute to the 
curvature of the region as much as in the cervical and lumbar regions (Cramer, Draby, 2014) 
 
Thoracic IVDs protrusion is rather infrequent, accounting for only 0.15% to 1.87% of all disc protrusions 
(Alvarez, Pampati, Roque, 1988). This leads to thoracic IVD protrusion being a very rare cause of 
increased kyphosis. 
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2.3.2.2 Zygapophyseal joints  
 
The zygopopohyseal joints are, as in the cervical spine, classified as plane synovial joints with 
fibroadipose meniscoids present (Levangie and Norkin, 2007). These joints lie approximately 20 
degrees off the frontal plane, which allows greater range of motion into lateral flexion and rotation and 
less range of motion into flexion and extension (Moore and Dalley, 2006). The joint capsules are also 
tauter than those of the cervical and lumbar regions, which also contributes to less available range of 
motion (Levangie and Norkin, 2007). 
 
2.4 Muscles of the back 
 
There are two major groups of muscles in the back. The extrinsic back muscles include superficial and 
intermediate muscles that produce and control limb and respiratory movements, respectively. The 
intrinsic back muscles lie deep and include muscles that specifically act on the vertebral column, 
producing its movements (Moore and Dalley, 2006). For the purposes of this study we will be focusing 
on the extrinsic back muscles and their effects on the positioning of the upper limb anatomy as well as 
the spinal column itself. 
 
2.4.1 Superficial extrinsic back muscles  
 
The superficial extrinsic back muscles include; trapezius, latissimus dorsi, levator scapulae, and 
rhomboids (Moore and Dalley, 2006). They connect the upper limbs to the trunk and produce and 
control limb movements. Although located in the back region, for the most part these muscles receive 
their nerve supply from the anterior rami of the cervical nerves and act on the upper limb (Moore and 
Dalley, 2006). For the purposes of this study only the superficial muscles that play a direct roll on the 
posture of the thoracic spine will be discussed.  
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2.4.1.1 Trapezius muscle 
 
The most superficial of the posterior neck muscles is the trapezius muscle (see figure 2.6), which spans 
from the occiput to the lower thoracic spine and contains a tendinous region over the cervicothoracic 
junction (Levangie and Norkin, 2011). The upper, middle and lower parts of the trapezius muscle have 
different fibre directions and different functions (Travell and Simons, 1999). 
 
The superior fibres elevate the scapula, the middle fibres retract the scapula and inferior fibres depress 
the scapula and lower the shoulder. Superior and inferior fibres act together in rotating the scapula on 
the thoracic wall in different directions. It also braces the shoulders by pulling the scapulae posteriorly 
and superiorly, fixing them in position on the thoracic wall with tonic contraction (Moore and Dalley, 
2006). 
 
Corrin-Everett, Davidson, Gafney and Maluf (2013) found that the trapezius muscle not only plays an 
integral role of the movement of the scapulae, but also that these movements occur in patterns. 
Cervical posture, scapula posture and trapezius muscle activity were recorded from twenty healthy 
participants during three directed shoulder postures. The results validated the assumption that directed 
scapula postures preferentially activate different sub divisions of the trapeziuis muscle. In particular, 
scapula depression was associated with a more inferior location of the trapezius muscle activity. 
Scapula elevation was coupled with scapula abduction and scapula adduction was coupled with 
cervical extension. This study shows the importance of the trapezius muscle in the positioning of the 
scapula and cervical spine and therefore on posture. 
 
2.4.1.2 Levator scapulae 
 
The levator scapulae muscle (see figure 2.6) lies deep to the trapezius muscle (Levangie and Norkin, 
2011). The levator scapulae muscle fibres originate from the transverse processes of C1 to C4 and 
attach to the vertebral border of the scapula between the superior angle and the root of its spine 
(Simons, et al., 1999). 
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The branches of the third and fourth cervical nerves, via the cervical plexus, supply the levator 
scapulae muscle and it is sometimes supplied by fibres from the dorsal scapula nerve derived from the 
C5 root (Simons, et al., 1999). 
The function of the muscle is to rotate the scapula so that the glenoid fossa faces inferiorly and then 
rotates the scapula as a whole when the neck is fixed. With the scapula in a fixed position, the muscle 
helps to complete neck rotation and lateral flexion to the same side. Bilaterally the muscle assists in 
neck extension and controls neck flexion (Simon, et al., 1999). 
 
2.4.1.3 Rhomboid muscles 
 
The rhomboid muscle group is made up of both a major and a minor. They lie deep to the trapezius and 
form broad parallel bands that pass inferolaterally from the vertebrae to the medial border of the 
scapula (see fig 2.6). The thin, flat rhomboid major is approximately two times wider that the thicker 
rhomboid minor lying superior to it (Moore and Dalley, 2006). 
 
The rhomboids act together to restrict and rotate the scapula, depressing its glenoid cavity. They also 
assist the serratus anterior in holding the scapula against the thoracic wall and fixing the scapula during 
movements of the upper limb making them vital muscles in the maintenance of correct upper limb 
position and posture (Simon, et al., 1999). 
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Rhomboid minor originates from the nuchal ligament spinous processes of C7 and T1 vertebrae and 
travels inferolaterally to insert onto the medial border of the scapula in line with its spine. The rhomboid 
major originates at the spinous processes of T2 to T5 vertebrae and travels in the same orientation to 
insert on the medial border of the scapula inferior to its spine. Both muscles are innervated by the 
dorsal scapular nerve (C4 and C5 nerve roots) (Moore and Dalley, 2006). 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.6: Muscles of the back: superficial layers (Netter, 2003) 
 
 
2.5 Posture 
 
The definition of posture can be rather vague. Bridger (2003) defined posture as ‘the average 
orientation of the body parts over time.' An undergraduate textbook on human movement also keeps it 
simple: 'posture means simply position or alignment of body parts' (Trew and Everett, 2001). Chambers 
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concise medical dictionary (2004) defines it as 'the way one holds one's body while standing, sitting or 
walking', or 'a particular position or attitude of the body'. 
 
All descriptions of posture imply that posture is an active process, rather than a static one. We may 
remain in relatively static postures for long periods during work, relaxation or sleep, but all of these 
activities are characterised by intermittent changes in posture. Periods of relatively static posture can 
be interrupted by periods of vigorous activity, for instance during running, working out at the gym, 
manual labour, or gardening. 'Posture cannot be separated from movement, but should be regarded as 
temporarily arrested movement as it is in a constant state of change, as anyone trying to stay still for 
any length of time will know' (Trew and Everett, 2001). 
 
Static postures tend to grow more fixed as we age, and our active postures decline. For instance, 
between childhood and 60’s there is nearly a halving of sagittal and frontal plane movements of the 
lumbar spine (Twomey and Taylor, 1994), and there is an age-related decline in participation in 
exercise, especially amongst women (O'Brien Cousins, 1998). Aging can be associated with more fixed 
postures, such as loss of lumbar extension and exaggerated cervico-thoracic kyphosis because of 
spondylotic changes or osteoporosis. Inflammatory joint pathologies, such as ankylosing spondylitis 
and rheumatoid arthritis, can produce dramatically reduced movement and resultant postural changes 
(Bland, 1994). 
 
2.5.1 Analysing posture 
 
There are numerous ways of analysing posture that are explored in detail in ergonomic text books 
(Pheasant, 1998; Bridger, 2003; Corlett, 2005). These include direct observation, measurement with 
goniometers, video-computer analysis, subjective measures, such as onset and levels of discomfort 
from sustained postures and different types of electromyography (Corlett, 2005). Obviously the different 
methods of observation capture different dimensions of the components of posture; some focusing on 
the angular relations between body parts, some on muscle work, and others on the effect of posture in 
terms of discomfort. 
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2.5.2 Effect of posture on anatomy and physiology 
 
Different postures affect the spine in different ways. Bending and sitting is associated with flexion of the 
lumbar, thoracic and lower cervical spine, unless a very upright sitting posture is maintained, whereas 
walking and standing is associated with extension or lordosis of the lumbar spine (McKenzie and May, 
2003). Forces on the spine result from the posture of the spine, muscle activity, and passive support, as 
from a chair (Adams et al., 2006).  
 
Different postures alter muscle activity; during standing back muscles show slight, intermittent or no 
activity, with activity influenced by the position of the spine in reference to the line of gravity (Bogduk, 
1997). The more off the centre of gravity the more contra-lateral muscle groups will need to work to 
maintain control (McKenzie and May, 2003). 
 
2.5.3 Effect of sustained postures 
 
When soft tissues are exposed to sustained loading in a single direction without interruption further 
movement occurs. This slight movement, known as creep, results from rearrangement of collagen 
fibres and water being squeezed from the soft tissue. If the sustained loading is not excessive the soft 
tissues recover reasonably quickly. However, excessive loading, with limited interruption and frequent 
repetition, despite the fact that these are normal loads, can alter the mechanical properties of the soft 
tissues. Thus these tissues may become susceptible to fatigue failure, and the insidious development 
of musculoskeletal symptoms despite no obvious trauma (McKenzie and May, 2003). Once static 
postures have induced discomfort the further growth of discomfort increases linearly with time held, and 
recovery can be slow (Corlett, 2005). 
 
It has been estimated that in Western countries 75% of work is now performed sitting (Pynt et al., 
2008). Numerous contemporary office jobs require long hours of sustained sitting, which is a position of 
flexion. Numerous office workers and students sit on the way to and from work, spend most of their 
working day sitting, and then relax in the evening slumped on the sofa. For instance about 87% of 
Australians over 15 watch an average of more than 3 hours of television each day (Pynt et al., 2008). 
Thus activities of sustained flexion dominate many peoples' every-day lives. 
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2.5.4 The relevance of sustained or repeated posture on musculoskeletal symptoms 
 
The NIOSH review (1997) concluded that there was strong evidence of posture as a risk factor for the 
development of musculoskeletal disorders in general and convincing evidence that repetition and force 
were risk factors. However, a common problem encountered by Winkel and Westgaard (2002) in their 
systematic review was the lack of a clear link between mechanical exposure and causality. The NIOSH 
review concluded that there was limited quantitative data about exposure-disorder relationships. The 
NIOSH (1997) definition of strong evidence was that a causal relationship was likely; in other words, 
there is only a probable, not a proven link. Furthermore this type of evidence was only found in studies 
involving intense prolonged daily exposure to that risk factor. This can lead to muscle imbalances 
(Bersanetti et al., 2011). These may include hypertonic pectoralis major and minor muscles as well as 
hypertonic serratus anterior. These may act alone or can occur coupled with hypotonic trapezius, 
rhomboid and levator scapulae muscles, all resulting in a sustained exaggerated thoracic kyphosis and 
an anterior shoulder position (Cole et al., 2009). 
 
2.6 Current protocol for treating postural kyphosis 
 
Currently, the most common treatment for postural kyphosis, has been strengthening and stretching 
programmes aimed at stretching the hypertonic anterior musculature and strengthening the hypotonic 
posterior musculature (Itoi and Sinaki, 1994). These exercise programs range from the use of 
rubberised bands of varying strengths to light free weights and own body weight movements. They are 
mostly aimed at strengthening the posterior musculature specifically the: rhomboid, levator scapulae, 
erector spinae and trapezius muscles (Homel et al., 2008). The stretching components are focused on 
stretching the anterior musculature, specifically the pectoralis major and minor as well as the seratus 
anterior muscles (Azizi, 2011). Hamel, Katzman and Pawlowsky (2008) found that hyperkyphotic 
woman between the ages of 65 and 80 maintained their improvements when tested a year later. The 
participants reported that they continued their exercise and stretching routine throughout the year 
between the original study and the follow up measures. It has occurred in the past that these, when 
performed at home, are not well complied to and can lead to the initial improvements not being as well 
maintained.  
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Ergonomic advice is often used to try and improve an individual’s posture. This is especially common in 
the work place. Ali, Dimberg, Feuerstein, Huang and Nicholas (2004) found that specific work place 
ergonomic advice reduced the prevalence of work-related upper extremity symptoms. The benefits of 
this were further enhanced when coupled with advice on how to handle work related stress. 
 
Work place ergonomic advice, however, needs to be very specific to the type of work being performed 
for it to be effective (Westgaard and Winkel, 1997). General ergonomic advice can be broken up into 
different postures. 
 
Sitting posture where it is important to have a good supported chair that has lower back support. It is 
important to ensure that the buttocks are situated at the back of the chair, an additional lumbosacral 
support may be placed in the hollow area of the lower back if it is necessary (Anon, 2008). A person’s 
shoulders must be held back (retracted scapulae), with their chin tucked in slightly. People must be 
sure to keep their knees at the same level as their hips (a foot rest can be used to ensure this) (Anon, 
2008). 
 
When in front of a computer an individual must ensure that the chair height has been adjusted so as 
when one types his or her wrists and forearms are straight and level with the floor, the elbows form an 
L-shape at the elbow joint, the computer screen is directly in front and about an arm’s length away from 
where the person is sitting and the top of the computer screen is at eye level (Tinsley, 2012). 
 
In standing posture people must retract the shoulders, make sure the chest is out and the chin forward 
(anon, 2008)(Tinsley, 2012). 
 
When walking a person must look straight ahead, their head must be level, the rhomboids contracted 
and the scapulae retracted. The stomach must be tucked in so as to activate the core muscles. This will 
help keep a person’s body stable (The Realbuzz Group, 2013). 
 
When lying (sleeping) one should lie on their back with a well-supported pillow for their neck, a pillow 
may be placed under the knees to support them (also helps increase comfort). If a person prefers to 
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sleep in a recumbent position, it is best to try and lie as flat as possible and avoid sleeping in the foetal 
position, a pillow may be placed between the knees for comfort (Anon, 2008)(Tinsley, 2012). 
 
2.7 Spinal manipulation 
 
2.7.1 The chiropractic hypothesis 
 
Bergmann and Peterson (2011) stated that the broad chiropractic model of health care is one of holism. 
This model views the human being as a dynamic, integrated and complex living thing that has an innate 
capacity heal its self and to maintain a homeostatic balance. The human body is perceived as being 
charged with an innate ability to respond to the environment (Bergmann and Peterson, 2011). 
 
Chiropractic concentrates on the evaluation and management of neuromusculoskeletal disorders and 
does not disregard the many potential causes of ill health and the complex nature of health 
maintenance. A cornerstone of the chiropractic model is the importance of the nervous system and the 
role it plays in the human being as it influences all the other systems in the body and therefore helps 
with maintaining health. Spinal manipulation is the most specialised and distinct therapy used by 
chiropractors to enhance the body’s ability to self-regulate via its influence on the nervous system and 
hence, all other systems (Bergmann and Peterson, 2011). 
 
According to Halderman (1993) spinal manipulation has an effect on the nervous system via its positive 
influence on the musculoskeletal system. This may have positive effects on the other 
neuromusculoskeletal tissues, organ dysfunction, tissue pathologies or symptom complexes. 
 
2.7.2 Vertebral subluxation 
 
Gatterman and Hansen (1994) defined a vertebral subluxation as a motion segment in which alignment, 
movement integrity, or physiology is altered, although the contact between the two joint surfaces 
remains intact. Bergmann and Peterson (2011) stated that D.D. Palmer, the founder of chiropractic, 
defined the vertebral subluxation as a partial or incomplete separation of the articulating surfaces but 
one in which they remain in partial contact.  
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This causes an alteration in the biomechanical or neurophysiological reflexions of these articular 
structures or body systems that maybe directly or indirectly by them (Bergmann and Peterson, 2011). 
 
2.7.3 The vertebral subluxation complex (VSC) 
 
The VSC is central to the philosophy, science and practice of chiropractic, and is defined as a motion 
segment in which the movement, alignment and/or the physiological function is altered, although 
contact between the joint surfaces stays intact (Lantz, 1995). According to Lantz (1995) the VSC is a 
model of motion segment dysfunction from a chiropractic clinic perspective. Any form of kinesiological 
dysfunction is central to Lantz’s concept of subluxation. 
 
Held at the apex of the VSC is the kinesiopathology component. This is due to the fact that restoration 
of motion is the chiropractor’s central goal (Lantz, 1995). Movement is guided, limited and stabilised by 
connective tissue which is, in turn, controlled by the nervous system. The vascular system provides 
nutrition, acts to flush out metabolites and largely mediates the inflammatory response. The co-
ordinated function of all the tissue components of the VSC is in turn controlled by the nervous system 
and they are responsible for permitting and sustaining adequate segmental motion. Any disturbance of 
these components is perceived to have inevitable effects on all the other components (Lantz, 1995). 
 
According to Esposito and Philipson (2005) the first responses to the VSC are pain and muscle spasm, 
sympathetic hyperactivity / fasomotor changes and altered mobility. Esposito and Philipson (2005) went 
on to say that altered mobility causes mechanical and biomechanical dysfunction which leads to 
abnormal range of motion which sets up neural receptor irritation and altered muscle function, 
perpetuating the basic loop of dysfunction. 
 
Lantz (1995) concluded that the vertebral subluxation complex allows for every aspect of chiropractic 
care to be incorporated into a single conceptual model. Each diagnostic procedure can be mapped into 
one or more of the components and the effects of spinal manipulation can be a sign to specific tissue 
components or their elements. 
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2.7.4 Vertebral adjustment 
 
Henderson (2012) stated that spinal manipulation is the basis of chiropractic practice and is the most 
focussed and important therapy used by chiropractors. The diversified technique is the most commonly 
taught and used manipulative method in chiropractic and include a number of manipulative approaches 
that are applied to all spinal and most peripheral joints (Haneline, 2005). 
 
According to Swartz (2002) spinal manipulation has been used to restore normal joint function, this 
leads to the reversing of pathological processes. Spinal manipulation is characterised by a low-
amplitude dynamic thrust of controlled velocity, amplitude, direction and is commonly associated with a 
cavitation. Spinal manipulation affects joints and neurophysiological function (Bergmann and Peterson, 
2011). 
 
It has been noted by Cramer et al. (2011) that spinal manipulation causes gapping of the facet joints, 
which is the separation of the zygopophyseal joint surfaces and is thought to break up connective 
tissue adhesions, stimulate afferent nerves that innovate the facet joint capsule as well as the small 
muscles of the spine and initiate the recovery process. Fernandez de Las Penas et al. (2011) 
suggested that spinal manipulation is effective in immediately improving spinal range of motion and 
decreasing pain. 
 
2.7.5 Reflex theories of spinal manipulation 
 
Gillette (2002) stated that spinal manipulation may induce a short-lived phasic response triggered by 
the stimulation of both deep and superficial mechanoreceptors. A more long term tonic response may 
also be initiated, which is triggered by the noxious stimulation of nociceptive receptors. 
 
Stimulus-produced analgesia is bolstered by research that implied that spinal manipulation induces 
sufficient force to simultaneously activate both superficial and deep somatic mechanoreceptors, 
proprioceptors and nociceptors. This stimulation produces a barrage of strong afferent sensory 
impulses capable of inhibiting the central transmission of pain (Bergmann and Peterson, 2011). 
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Haldeman (1993) stated that the spinal manipulation has been shown to produce a consistent reflex 
from a multi-receptor origin, resulting in clinical observed benefits, which include pain reduction and 
decrease muscle hypertonicity. 
2.8 Taping techniques 
 
2.8.1 Sports taping 
 
There are many therapy choices to address sources of discomfort in both athletic and sedentary 
patients, such choices include devices that give direct stabilisation and support to the affected area 
such as braces of various descriptions. These devices are effective in providing temporary relief from 
pain and symptoms (Kace et al., 2003). Kinesio® Taping Association International (2011a) recognises 
three main taping techniques within therapeutic communities; Prophylactic Athletic Taping, McConnel® 
Taping Technique and the Kinesio® Taping Method. 
 
2.8.1.1 Athletic taping technique 
 
The primary function of the athletic taping technique is to limit or assist joint movement for acute injuries 
or injury prevention. The tape is applied in a way that it provides a compressive force to the skin, joints 
and muscles and requires proper preparation to the taping surface prior to application. The tape has 
limited wear time and is usually applied immediately prior to activity and taken off shortly afterwards. 
Skin irritation may be due to moisture entrapment, latex content, skin compression, joint compression 
and muscle compression (Kinesio Taping® Association International, 2011a). 
 
2.8.1.2 McConnell® taping technique 
 
McConnell® Taping is a bracing or strapping technique that makes use of an extremely rigid tape 
placed over a cotton mesh and is widely accepted by the medical and sporting community. The tape is 
applied in such a way that it affects the biomechanics of a joint and limits pathological movement. The 
tape should not be left on for more than eighteen hours to prevent skin irritations. Skin irritations may 
be due to moisture entrapment, latex content, skin compression, joint compression and muscle 
compression. Primarily the tape helps with neuromuscular re-education (Kase et al., 2003). 
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Yasukawa, Patel and Sisung (2006) stated that non-stretch rigid tape is used to protect and support a 
joint structure or to limit unwanted joint movement. However, Bragg, Macmahon, Overom, Yerby, 
Matheson and Carter (2002) found that athletic tape after 15 to 20 minutes of exercise loses its ability 
to restrict joint movement and has a poor adhesive quality when wet. Therefore, according to 
Simoneau, Degner, Kramper and Kittleson (1997), the effects of taping may be due to cutaneous 
stimulation of the proprioceptive and sensorimotor systems. 
 
2.8.1.3 Kinesio® taping method 
 
The method of Kinesio® taping is designed to assist the body’s innate ability to selfheal. It has the 
ability to support and stabilise the muscle and joints without restricting the body’s range of motion. The 
tape activates neurological and circulatory systems, promotes venous and lymphatic flow, reduces 
inflammation and provides stability to injured joints (Kase et al., 2003). Kinesio® Tape also causes an 
increase in proprioception through increased stimulation of the cutaneous mechanoreceptors, this is 
done by stretching the skin as well as applying negative and positive pressures to it (Halseth, 
McChesney, DeBeliso, Vaughn and Lien, 2004). According to Kinesio Taping® Association 
International (2011a) the tape is a modality that has continued therapeutic visits, which increases the 
function of many different tissues and helps the body to return to normal functioning. 
 
SaAvedar-Hernadez et al., 2012 states that the tape is waterproof, porous, adhesive, has a width of 5 
cms and a thickness of 0.5 mm. Kinesio® Tape is constructed of 100% cotton and elastic fibres, 
stretches along the longitudinal axis only and its adhesive is 100% medical grade, acrylic, heat-
activated and has no medicine. The thickness and weight of the tape is similar to skin and its wave like 
adhesive pattern mimics that of finger print allowing the skin to breathe (Thelen, Dauber and Stoneman, 
2008). The tape allows normal range of motion and may stay on the skin for three to five days with 
good skin tolerance. Cotton fibres wrap the elastic strands which allow for evaporation and quick drying 
so that it can be worn in the shower and while swimming (Kase et al., 2003). The prescribed wear time 
for one application is usually three to four days (Thelen et al., 2008). 
 
The Kinesio® taping method is applied on the skin over muscle and joints to reduce pain and 
inflammation, relax over used muscles and to support muscles and joints while maintaining normal 
range of motion (Thelen, et al., 2008). According to Kinesio Taping® Association International (2011a) 
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the tape is used to treat patients with: muscle imbalances, postural insufficiency, circulatory and 
lymphatic conditions, neurological conditions, ligament injuries, tendon injuries, joint injuries, fasial 
adhesions and scars. 
 
The five major physiological systems affected by Kinesio® tape was found by Kinesio Taping® 
Association International (2011a) to be the skin and its receptors superficial fascia, circulatory and 
lymphatic systems, muscles and the joints. 
 
The application of Kinesio® Tape changes the tension elements in tissues. Because the body is 
hierarchical, self-organising and load distributing, the tissues react and compensate for these changes 
in tension (Kinesio Taping® Association International, 2011a). The taping method for applying the tape 
differs depending on the goal: increasing active range of motion, relieving pain, adjusting misalignments 
or increasing lymphatic circulation (Kase et al., 2003). 
 
When the taping method is followed correctly, the tape affects muscle by facilitating a weakened 
muscle or relaxing an over-used muscle, decreasing pain and fatigue and increasing tissue recovery.  
Kinesio® Tape affects the joints biomechanics by balancing agonist and antagonist, decreasing muscle 
guarding and pain, supporting ligament and tendon function and increasing kinaesthetic awareness 
(Kinesio Taping® Association International, 2011a). 
 
2.9 Trials involving Kinesio® Tape 
 
Murray (2001) made use of Kinesio® tape to activate the rhomboid muscle group, as well as relax the 
pectoralis muscles in an attempt to improve posture as a way of alleviating upper extremity pain. She 
recruited ten adult volunteers and with the use of reflective markers placed at the sternal notch, 
superior and inferior angles of the scapula, spinous processes of the C7 vertebra, the posteriolateral 
angle of the acromion, lateral humeral epicondyle, radial tuberosity, top of the third 
metacarpophalangeal joint and the greater tuberosity of the femur, the positioning of the scapula 
relative to the trunk was analysed. With the rhomboid muscle group activated, the particpants’ postures 
were greatly improved. 
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Kalichman, Lumbroso, Vered and Ziv found that application of Kinesio® Tape to both the hamstring and 
gastrocnemius muscles had a marked effect on the peak force generated by these muscles. In the case 
of the gastrocnemius the tests showed a marked increase in the peak force generated both 
immediately after application and when measured two days after application. In the case of the 
hamstrings, however, there was no marked increase in the peak force generated but when measured 
again two days later there was. This indicates that different muscles may have a different reaction to 
the application of Kinesio® Tape even when the tape is applied in exactly the same manor. In both 
cases the taped muscles showed a significant increase in strength.  
 
A trial performed at a Spanish university made use of a double-blind placebo study to investigate the 
effects of Kinesio® Tape. The study made use of healthy adult participants. Kinesio® tape was applied 
to half of the participants while the others received sham tape. Measurements were then taken 
immediately after application, 10 minutes later and again 24 hours later. EMG studies of the taped 
gastrocnemius muscle not only showed an immediate increase in muscle activity but also an increase 
in GM EMG which indicates an increase in central nervous system mechanisms in the area (Esteban, 
Garcia, Lazaro, Matinez and Soriano, 2012). In a similar study using Kinesio® Tape and its effects on 
grip strength performed by Donec, Krisciunas and Varzaityte showed a marked increase in key grip 
strength noted both 30 minutes and one hour after the application of Kinesio® Tape even though no 
change in strength was noted immediately after application. The placebo group noted no significant 
increase in key grip strength at any point. 
 
Chapter 3 will discuss the method in which the study was done. 
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CHAPTER THREE - METHODOLOGY 
 
3.1 Introduction 
 
This chapter will discuss the method in which the research was performed. It outlines the treatment 
protocols and measurement techniques used for the different groups throughout the study. 
 
3.2 Study design 
 
The study was a comparative study utilising convenience sampling and random group allocation. The 
study was cleared by the University of Johannesburg’s higher degrees and ethics committee (Appendix 
A1 + A2).  
 
3.3 Participant recruitment 
 
Participants were recruited by snowball sampling as well as by the use of advertisements which were 
placed around the University of Johannesburg, Doornfontein Campus and the Chiropractic Day Clinic 
(Appendix B). This research took place at the Chiropractic Day Clinic on the Doornfontein Campus.  
 
3.4 Sample selection and size 
 
Male and female participants between the ages of 18 and 39 years old were recruited for this study. 
The participants were asked to sign an information form (Appendix C) and a consent form (Appendix D) 
specific to this study, confirming that they fully understood all the procedures involved in the study.  
 
Participants were screened for the below inclusion and exclusion criteria. If they did not meet the 
requirements, they were thanked for volunteering but informed that they could not participate. Those 
that did meet the requirements were randomly allocated to a group. Recruitment continued until 30 
participants met all criteria and were participating in the trial.  
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3.5 Inclusion criteria 
 
Participants had to be between the ages of 18-39. Both males and females were included in the trial as 
cases of postural kyphosis are common in both, albeit as a result of different pathological mechanisms 
(Hanfy, Awad and Allah, 2012). The specific age group chosen was selected to limit structural changes 
that occur with increasing age (Britnell et al., 2005). Participants had to have an angle of kyphosis that 
falls within the degree of normal kyphosis for their required aged group and gender (Appendix E). The 
participants also had to have a decreased range of motion of the facet joints and/or an altered end feel 
as determined by the examiner using motion palpation (Peterson and Bergmann 2002). 
 
3.6 Exclusion criteria 
 
Potential participants were carefully screened prior to them being accepted into the study. Exclusion 
critera involved those that had any known allergies to adhesives commonly used in tapes or if they 
developed allergies during the study; those that had any contra-indications to spinal manipulative 
therapy of the thoracic or cervical spine (Appendix F); those who had received, or were busy receiving, 
any form of treatment to the thoracic spine or rhomboid muscle group in the past month prior to the 
start of the study; those who received any treatment during the course of the trial, including manual 
therapy such as massage, chiropractic treatment, physiotherapy, as well as medication use such as 
muscle relaxants or anti-inflammatory drugs and those who had received a previous diagnosis of 
thoracic scoliosis, Pottenger’s saucer (lordosis of the thoracic spine) and Scheuermann's disease. 
 
3.7 Group allocation 
 
Participants were assigned into one of the three groups. Each group consisted of ten participants. 
Participants were assigned to their group by drawing a number from a box. The box contained 30 
pieces of paper labelled 1, 2 or 3 (representing the group numbers). The number that the participant 
drew from the box was the group number that they were allocated to. 
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3.8 Treatment approach  
 
3.8.1 First visit 
 
The first visit included the following:  
 Completion of a thorough case history (Appendix G) 
 Completion of a physical examination (Appendix H) 
 Completion of a summarised assessment form known as a SOAP note (Appendix I) 
 A measurement performed by the researcher of the participant’s angle of kyphosis (Appendix 
J) using the flexicurve ruler 
 Three sets of additional secondary measurements to further monitor the rounded shoulder 
position of the patient were taken (Appendix K) 
 The marking of all land marks with a fluorescent body marker that were needed to perform the 
above mentioned measurements after they were palpated as accurately as possible so that 
they could be accurately repeated for each follow up measurement 
 The writing down of all objective results in the personal evaluation form (Appendix L) 
 The taking of a photograph of the participants’ postural kyphosis in a lateral view 
 The delivery of one of the following treatments (depending on their allocated group): 
o Group 1 - Chiropractic manipulative therapy to restricted lower cervical and upper 
thoracic spinal segments 
o Group 2 - Kinesio® Tape applied to the rhomboid muscle group 
o Group 3 - Chiropractic manipulative therapy to restricted lower cervical and upper 
thoracic spinal segments as well as Kinesio® Tape applied to the rhomboid muscle 
group after the manipulation  
 The giving of postural advice to all groups (Appendix M) 
 
3.8.2 Follow-up visits 
 
Follow-up visits took place twice a week for three weeks and included the following: 
 Participants had a set of secondary measurements (Appendix K) taken prior to each treatment. 
These measurements were recorded on a personal evaluation form (Appendix L) 
 Participants’ had their angle of kyphosis measured. This was done on the first, fourth and 
seventh visits prior to receiving treatment and noted in a personal evaluation form (Appendix L) 
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 Photographs of the participants’ thoracic spine were taken on the first and seventh visits. Only 
data collection took place on the seventh visit. There was no treatment involved in this visit 
 Participants were motion palpated and all restrictions were recorded in a SOAP note (Appendix 
I) before each treatment  
 Participants receiving one of the following treatments (depending on their allocated group): 
o Group 1 - Chiropractic manipulative therapy to restricted lower cervical and upper 
thoracic spinal segments 
o Group 2 - Kinesio® Tape applied to the Rhomboid muscle group (Appendix N) 
o Group 3 -Chiropractic manipulative therapy to restricted lower cervical and upper 
thoracic spine segments as well as Kinesio® Tape applied to the rhomboid muscle 
group after the manipulation  
 
3.8.3 Measurements  
 
3.8.3.1 Objective data 
 
Six objective measurements were taken for each participant. The primary measurement was that of 
thoracic spine degree of kyphosis which was calculated using a flexicurve ruler and was measured on 
the first, fourth and seventh visits. The other five measurements acted as secondary measurements 
and were taken on all seven visits. 
 
Flexicurve ruler 
 
The flexicurve ruler can be used to measure the angle of thoracic kyphosis in a quantitative study, it 
has been proven to be valid and reliable to measure thoracic kyphosis (Teixeira and Carvalho, 2007). 
The flexicurve ruler was pressed and moulded along the participant’s spinous processes from C7 to 
T12. The ruler was then placed on paper and the curve was traced. A straight line was then drawn from 
the point of C7 to the point of T12 which corresponded to the length of the thoracic kyphosis. The 
midpoint of this line was determined and a perpendicular line drawn from this point to the curve, this 
line represented the height of the curve. The height of the curve was then divided by half the length of 
the curve and multiplied by co-tan this value was then multiplied by two to get the angle of kyphosis 
(Teixeira and Carvalho, 2007; Greendale, Nili, Huang, Seeger and Karlamangla, 2011)(Appendix J). 
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Secondary measurements 
 
A set of secondary measurements was taken to help further analyse the presence and degree of 
scapular protraction (Appendix K). These measurements were made as additional points of reference to 
monitor the postural positioning of the scapula and used to explain possible changes found in the 
kyphosis angle. These included: 
 
Three interscapular measurements 
 
These were taken between the two medial borders of the scapula. One between the two superior 
angles, one between the two inferior angles, and the third at the midpoint between these two (see 
figures 3.1, 3.2 and 3.3). 
 
 
 
 
 
Figure 3.1: Interscapular measurement (superior angles) 
 
 
 
 
 
 
Figure 3.2: Interscapular measurement (midpoint) 
 
 
 
 
 
 
Figure 3.3: Interscapular measurement (inferior angles) 
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An interacromial distance 
 
This was measured between the right and left acromiclavicular joints (see fig 3.4). 
 
 
 
 
 
 
Figure 3.4: Interacromial distance 
 
A spinoacromial distance 
 
This was measured between one acromioclavicular joint and the tip of the C7 spinous process. This 
distance was measured on both the right and the left (see fig 3.5). 
 
 
 
 
 
 
 
Figure 3.5: Spinoacromial distance 
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3.8.3.2 Subjective data 
 
Photographs 
Lateral view photographs of the participants’ thoracic spine were taken to asses any change in the 
participants’ posture. The photographs were taken with the participant standing in front of a piece of 
graph paper (2Mx1M). A plumb line was suspended from the ceiling to the side of the participant. 
These photographs served as an additional subjective tool to analyse any changes in posture. Each 
participant had a photograph taken of their thoracic spine on the first and seventh visit. The participants’ 
were not shown the photographs that were taken (see fig 3.6). 
 
 
 
 
 
 
  
 
 
Figure 3.6: Participant number three of Group 1, first photograph 17/02/2014 
 
3.8.4 Treatment protocols 
 
3.8.4.1 Motion palpation 
 
All participants had their lower cervical as well as cervicothoracic junctions and upper thoracic spine 
motion palpated prior to each treatment. Any restrictions were recorded and adjusted accordingly 
(Appendix L).  
 
The participants were motion palpated with techniques that fall under the diversified chiropractic model. 
Namely: 
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Posterior to anterior glide C2-C7 
 
This was done to motion palpate C2 to C7 movement in flexion and extension. The participant was 
lying prone with head resting on pillow or head piece. The researcher was seated or standing behind 
the participant while taking an index pad contact on the articular pillar on each side of the desired level. 
The participant’s cervical spine was then taken into full flexion and extension while the researcher felt 
for correct movement at that specific segment. This was repeated from C2 down to C7 (Esposito, 2005) 
(see fig 3.7). 
 
 
 
 
 
 
Figure 3.7: Poster to anterior glide (Esposito, 2005) 
 
Lateral glide C2-C7 
 
This was done to motion palpate C2 to C7 movement in lateral flexion. The participant was lying prone 
with head resting on pillow or head piece. The researcher was seated or standing behind the participant 
while taking contact with the lateral aspect of the distal index finger on the articular pillar on each side 
of the desired level. The participant’s cervical spine was then taken into full lateral flexion to the right 
and then full lateral flexion to the left while the researcher felt for correct movement at that specific 
segment. This was repeated from C2 down to C7 (Esposito, 2005)(see fig 3.8). 
 
 
 
 
 
 
 
Figure 3.8: Lateral glide C2-C7 (Esposito, 2005) 
 
32 
 
Rotation C2-C7 
 
This was done to motion palpate C2 to C7 movement in rotation. The participant was lying prone with 
head resting on pillow or head piece. The researcher was seated or standing behind the participant 
while taking contact with the lateral aspect of the distal index finger on the articular pillar on each side 
of the desired level. The participant’s cervical spine was then taken into full rotation to the right and 
then full rotation to the left while the researcher felt for correct movement at that specific segment. This 
was repeated from C2 down to C7 (Esposito, 2005)(see fig 3.9). 
 
 
 
 
 
Figure 3.9: Rotation C2-C7 (Esposito, 2005) 
 
Posterior to anterior glide T1-T5 
 
This was done to motion palpate T1 to T5 movement in flexion and extension. The participant was 
seated on the edge of bed with arms resting at his or her side. The researcher was standing 
posteriolaterally to the participant and took a primary contact with the index finger and thumb on the 
transverse processes of the desired segment bilaterally. The secondary contact was taken on the 
participant’s forehead with a web contact. The upper thoracic spine was then taken into full flexion and 
extension by the primary contact hand of the researcher while the secondary contact hand stabilised 
the head in the neutral position. The primary hand felt for correct movement of the palpated segment. 
This was repeated from T1 to T5 (Esposito, 2005)(see fig 3.10). 
 
 
 
 
 
 
Figure 3.10: Posterior to anterior glide T1-T5 (Esposito, 2005) 
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Rotation T1-T5 
 
This was done to motion palpate T1 to T5 movement in rotation. The participant was seated on the 
edge of bed with arms resting at his or her side. The researcher was standing posteriolaterally to the 
participant and took a primary contact with the thumb pad on the on the ipsilateral side of the spinous 
process. The secondary contact was a index finger contact on the articular processes of the lower 
cervical segments with care not to contact the mandible. The upper thoracic spine was then taken into 
rotation with the primary contact moving from lateral to medial while the secondary contact took the 
cervical spine into rotation. The primary hand felt for correct movement of the palpated segment. This 
was repeated from T1 to T5 and on either side of the spine (Esposito, 2005)(see fig 3.11). 
 
 
 
 
 
 
 
 
 
 
Figure 3.11: Rotation T1-T5 (Esposito, 2005) 
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Lateral flexion T1-T5 
 
This was done to motion palpate T1 to T5 motion in lateral flexion. The participant was seated on the 
edge of bed with arms resting at his or her side. The researcher was standing posterloterally to the 
participant and took a primary contact with the thumb pad on the ipsilateral side of the spinous process. 
The secondary contact was a flat hand contact on the side of the participants head. The primary 
contact then moved from lateral to medial while the secondary contact hand stabilised the head in 
lateral flexion towards the side of the primary contact. The primary hand felt for correct motion of the 
palpated segment. This was repeated from T1 to T5 and on either side of the spine (Esposito, 
2005)(see fig 3.12). 
 
 
 
 
 
 
 
 
 
Figure 3.12: Lateral flexion T1-T5 (Esposito, 2005) 
 
3.8.4.2 Manipulation 
 
The participants were manipulated with techniques that fall under the diversified chiropractic model. 
Namely: 
 
Supine, bilateral index contact, rotation C1-C7 
 
This manipulation was performed on participants with rotation restrictions in the cervical spine between 
C1 and C7. The participants were lying supine with their head resting on a raised head piece or pillow. 
The researcher was standing behind and slightly to the side of the participant. A primary contact was 
taken with the anterolateral aspect of the proximal phalanx of the index finger on the articular process 
of the desired segment. The secondary contact was a palm support on the posteriolateral aspect of the 
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participants occiput. The thrust was delivered through the line of the participant’s eyes once the cervical 
spine had been locked in rotation to the opposite side of the primary contact. The thrust was delivered 
as a short, high velocity but low impact thrust via contraction of the researcher’s pectoralis muscles 
(Esposito, 2005)(see fig 3.13). 
 
 
 
 
 
 
 
 
Figure 3.13: Supine, bilateral index contact, rotation C1-C7 (Esposito, 2005) 
 
Supine, bilateral index contact. lateral flexion C1-C7 
 
This manipulation was performed on participants with lateral flexion restrictions in the cervical spine 
between C1 and C7. The participants were lying supine with their head resting on a raised head piece 
or pillow. The researcher was standing behind and slightly to the side of the participant. A primary 
contact was taken with the anterolateral aspect of the proximal phalanx of the index finger on the 
articular process of the desired segment. The secondary contact was a palm support on the 
posteriolateral aspect of the participants occiput. The thrust was delivered across the cervical spine 
once the cervical spine had been locked into full lateral flexion over the primary contact hand. The 
thrust was delivered as a short, high velocity but low impact thrust via contraction of the researcher’s 
pectoralis muscles (Esposito, 2005)(see fig 3.14). 
 
. 
 
 
 
 
Figure 3.14: Supine, bilateral index contact. lateral flexion C1-C7 (Esposito, 2005) 
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Prone, thumb contact, rotation C6-T2 
 
This manipulation was performed on participants that had rotary restriction of the cervicothoracic 
junction (C6-T2). The participant was lying prone with the head piece neutral. The researcher was 
standing at the side of the participant ipsilateral to the laterality of the restriction. The primary contact 
was a thumb pad contact on the side of the spinous process on the same side as the researcher was 
standing. The secondary contact was a flat hand contact on the opposite side of the participant’s 
occiput. The thrust was delivered via the primary contact hand straight across the spine after the 
cervicothoracic junction had been locked into rotation by the secondary contact hand. The thrust was 
delivered as a short, high velocity but low impact thrust via contraction of the researcher’s pectoralis 
muscles (Esposito, 2005)(see fig 3.15). 
 
 
 
 
 
 
 
Figure 3.15: Prone, thumb contact, rotation C6-T2 (Esposito, 2005) 
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Prone, bilateral pisiform T1-T12 
 
This manipulation was performed on participants that had both rotary and flexion / extension restrictions 
of the upper thoracic spine The participant was lying prone with the head piece neutral. The researcher 
was standing at the side of the participant at the level of the restriction. The primary contact was taken 
with the pisiforms of both hands. The first to fourth digits of each hand were interlaced with the fifth 
digits remaining extended and lying on either side of the spine. The two pisiform prominances of the 
researcher’s hands contacted on the transverse processes of the desired level. The direction of the 
thrust depended on the restriction being manipulated. For a rotary restriction more thrust was put 
through the hand on the ipsilateral side of the posteriority while, if it was a flexion / extension restriction, 
the thrust was delivered equally through both hands. The thrust was delivered in a posterior to anterior 
direction with ulnar deviation of the wrists (Esposito, 2005)(see fig 3.16). 
 
 
 
 
 
 
 
Figure 3.16 : Prone, bilateral pisiform T1-T12 (Esposito, 2005) 
 
3.4.8.3 Kinesio® taping  
 
Participants in groups two and three had Kinesio® taping applied to the rhomboid muscle group at each 
visit. Group three had the tape applied after they had been motion palpated and manipulated. At the 
beginning of each visit, the old tape was removed and the skin over the application area cleaned and 
examined for any adverse reactions to the tape (Da Silva, 2012). 
 
Preparation of tape 
 
Two pieces of tape, each 20 cms in length, were cut per application. Each of the four corners were 
rounded to create two individual ‘I bands’. The backing paper was pre-torn 5 cms from each end to 
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create a base and a tail for each piece. For the purposes of uniformity, only black Kinesio® tape was 
used. 
 
Preparation of the taping surface 
 
The rhomboid muscles were located by palpating the medial border of both scapulae as well as the 
spinous processes of C7 to T5. The area between these two land marks as well as the area around 
these land marks were first cleaned with ‘cleaning wipes’ and then sprayed with 70% rubbing alcohol 
and wiped down with paper towelling until dry. 
 
Application of the tape 
 
Step 1 - The participants stood with their shoulders protracted putting their rhomboid muscles in a 
stretched position.  
 
Step 2 - The base of the tape was applied 3-5 cm superolateraly to the spinous processes of T1 to T4 
on the contralateral side of the rhomboids being taped, after the backing paper of the base portion of 
the tape had been removed. The base was applied with no stretch in the tape (see fig 3.17).  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.17: Step 2 Application of Kinesio® Tape over the rhomboid muscle group 
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Step 3 - The backing paper over the middle portion of the tape was then removed and this portion was 
put on a 30% stretch and applied in an inferolateral direction towards the medial border of the ipsilateral 
scapula (see fig 3.19).  
 
 
 
 
 
 
 
 
 
 
Figure 3.18: Step 3 Application of Kinesio® Tape over the rhomboid muscle group 
 
Step 4 - The backing paper of the tail portion of the tape was then removed and the tail applied 3-5 cms 
lateral to the medial border of the ipsilateral scapula just inferior to the spine of the scapula. The tail 
was applied without stretch (see fig 3.19). 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.19: Step 4 Application of Kinesio® Tape over the rhomboid muscle group 
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Step 5 - The same was repeated on the opposite side with the two bases of the two pieces of the tape 
overlapping across the spine (see fig 3.20). 
 
 
 
 
 
 
 
 
 
 
Figure 3.20: Step 5 Application of Kinesio® Tape over the rhomboid muscle group 
 
 
 
Chapter four will discuss the results of the study that were obtained during the trial. 
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CHAPTER FOUR – RESULTS 
 
4.1 Introduction  
 
This chapter presents the results that were obtained during the clinical trial of this study. This study was 
a comparative study consisting of three groups of ten participants, who were examined and accepted 
according to the inclusion and exclusion criteria. 
 
The method of treatment was determined by random group allocation. Group 1 received chiropractic 
manipulative therapy to the cervical and thoracic spine only. Group 2 received Kinesio® Tape applied 
to the rhomboid muscle groups bilaterally. Group 3 received chiropractic manipulative therapy to the 
cervical and thoracic spine as well as Kinesio® Tape to the rhomboid muscle group bilaterally. Each 
group was treated twice a week for 3 weeks. There was a seventh consultation for measurements only. 
 
Both subjective and objective data was analysed by statisticians located at the University of 
Johannesburg Kingsway Campus at STATKON (Appendix O). 
 
In this study the Shapiro-Wilk test was used with regards to the tests of normality. This was due to the 
group sizes being under fifty participants. Even though the assumptions of normality and equal 
variances held true, non-parametric testing was utilised due to the sample size being less than fifty 
participants. In this study the non-parametric test, the Kruskal-Wallis test, was used to determine if 
there was a statistically significant difference between the three groups at each of the measurements  
and if positive the Mann-Whitney test was used to determine between which two groups (one and two, 
one and three or two and three) the changes took place. In this study the non-parametric test, the 
Friedman test, was used to determine if there were changes over time in a specific group and if positive 
the Wilcoxon signed rank test was used to determine exactly when, in the testing period, these changes 
took place.  
 
The results represented a small group of subjects and therefore no assumptions can be made with 
respect to the population as a whole. The p-value for all tests was set at 0.05 and represented the level 
of significance of the result. Therefore a p-value that was ≤0.05 was statistically significant.  
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Clinical analysis of the objective measurements determined a decreased percentage of the mean over 
the treatment period by the following method: 
 Step 1: Visit 1 mean - Visit 7 mean = X 
 X / Visit 1 mean x 100 = Percentage change over treatment time  
 
The data analysis included: 
 Demographic data analysis consisting of age and gender  
 Subjective measurements consisting of: 
 Thoracic spine degree of kyphosis 
 Interscapular distance (superior angle) 
 Interscapular distance (middle of medial border) 
 Interscapular distance (inferior angle) 
 Interacromial distance  
 Acromion-C7 distance (right) 
 Acromion-C7 distance (left) 
 Objective measurements consisting of a lateral view photograph 
 
4.2 Demographic data analysis 
 
Table 4.1: Demographic data  
DATA Group 1 
(spinal 
manipulation) 
Group 2 
(kinesio® taping) 
Group 3 
(combination 
treatment) 
Combined Total 
Age 18-29 18-29 18-29 18-29 
Gender 
distribution 
8 Males 
2 Females 
3 Males 
7 Females 
3 Males 
7 Females 
14 Males 
16 Females 
 
The participants recruited for this study were between the ages of 18 and 29. The combined sample 
group consisted of 14 male and 16 female participants. 
 
The participants allocated to Group 1 were between the ages of 18 and 29. Group 1 consisted of 8 
male and 2 female participants. 
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The participants allocated to Group 2 were between the ages of 18 and 29. Group 2 consisted of 3 
male and 7 female participants. 
 
The participants allocated to Group 3 were between the ages of 18 and 29. Group 3 consisted of 3 
male and 7 female participants. 
 
4.3 Subjective data analysis  
 
Subjective data in this study took the form of a set of lateral view photographs taken of each participant. 
These photos were taken on the first visit before the participant had received any treatment and at the 
seventh visit after all treatment had been completed. The participants were instructed to stand between 
a hanging plum line and a sheet of graph paper (squares 5cmX5cm). The participants were instructed 
to look at a set point on the wall in front of them and to stand in a normal resting fashion. The photo 
was then taken from a camera placed on a tripod at a set distance (2 meters) from the participant. 
 
The two photos were compared using both the plumb line as well as the lines of the graph paper to 
analyse any changes in the participant’s posture over the seven visits (Appendix N) see figures 4.1-
4.6). 
 
 
 
 
 
 
 
 
 
 
 
 
 
    Figure 4.1: Lateral image             Figure 4.2: Lateral image 
             (participant in Group 1, visit 1)         (participant in Group 1, visit 7) 
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        Figure 4.3: Lateral image               Figure 4.4: Lateral image 
    (participant in Group 2, visit 1)       (participant in Group 2, visit 7) 
 
 
 
 
 
 
 
 
 
 
 
 
 
       Figure 4.5: Lateral image                  Figure 4.6: Lateral image 
   (participant in Group 3, visit 1) (participant in Group 3, visit 7) 
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4.4 Objective data analysis  
 
4.4.1 Thoracic kyphosis  
 
Table 4.2: Group 1 column statistics for degree of thoracic kyphosis  
 
Group 1: Degree of thoracic kyphosis 
Visit Mean Std 
Deviation 
Std 
Error 
Median 
1 25.68 5.86 0.69 26.51 
4 23.83 4.4 0.69 24.15 
7 21.74 4.09 0.69 21.24 
 
Table 4.3: Group 2 column statistics for degree of thoracic kyphosis  
 
Group 2: Degree of thoracic kyphosis 
Visit Mean Std 
Deviation 
Std 
Error 
Median 
1 21.81 3.62 0.68 21.31 
4 20.42 3.62 0.69 19.93 
7 18.42 3.63 0.69 18.47 
 
Table 4.4: Group 3 column statistics for degree of thoracic kyphosis  
 
Group 3: Degree of thoracic kyphosis 
Visit Mean Std 
Deviation 
Std 
Error 
Median 
1 22.03 2.18 0.69 21.66 
4 19.63 4.65 0.69 18.62 
7 17.4 1.89 0.69 17.37 
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4.4.1.1 Clinical analysis  
 
 
 
Figure 4.7: Changes in the degree of thoracic kyphosis mean 
 
Figure 4.7 illustrates the degree of thoracic kyphosis mean values measured at the first, fourth and 
seventh visit. At the first visit Group 1 had a mean thoracic kyphosis of 25.68°, Group 2 had a mean 
thoracic kyphosis of 21.8° and Group 3 had a mean thoracic kyphosis of 22.03°. At the fourth visit 
Group 1 had a mean thoracic kyphosis of 23.83°, group 2 had a mean thoracic kyphosis of 20.42° and 
Group 3 had a mean thoracic kyphosis of 19.63°. At the seventh visit Group 1 had a mean thoracic 
kyphosis of 21.74°, group 2 had a mean thoracic kyphosis of 18.42° and Group 3 had a mean thoracic 
kyphosis of 17.4°. This indicates that the mean decrease in degree of thoracic kyphosis for Group 1 
was 15.34%, for Group 2 was 15.54% and for Group 3 was 21.02%. 
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4.4.1.2 Statistical analysis 
 
Intra-group analysis 
 
Table 4.5: Friedmann test for changes in the degree of thoracic kyphosis readings 
 
Friedman Test 
Group 1 Group 2 Group 3 
p = 0.002 
Thus 
p ≤ 0.05 
p = 0.001 
Thus 
p ≤ 0.05 
p = 0.000 
Thus 
p ≤ 0.05 
 
The Friedman test was used to check for changes over time within the three groups, and was 
statistically significant (p ≤ 0.05) in all three groups. Group 1 had a p-value of 0.002, Group 2 had a p-
value of 0.001 and Group 3 had a p-value of 0.000. The Wilcoxon signed test was used to demonstrate 
where these changes occurred. 
 
Table 4.6: Wilcoxon signed rank test for changes in the angle of thoracic kyphosis readings  
 
Wilcoxon Signed Rank Test 
Visit Group 1 Group 2 Group 3 
1 - 4 p = 0.037 
Thus  
p ≤ 0.05 
p = 0.059 
Thus  
p > 0.05 
p = 0.074 
Thus  
p > 0.05 
1 - 7 p = 0.009 
Thus  
p ≤ 0.05 
p = 0.017 
Thus  
p ≤ 0.05 
p = 0.005 
Thus  
p ≤ 0.05 
 
The non-parametric Wilcoxon signed rank test was used to determine where the changes occurred 
between visits in Group 1, 2 and 3. What can be seen from table 4.6 is that there was a statistically 
significant difference noted in Group 1 between all the visits. In Group 2 and 3 there was no significant 
difference between visit 1 – 4 but there was for visits 1 – 7, this indicates that there was a significant 
change between visits 4 – 7 in these two groups. 
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Analysis of Group 1 indicated that a statistically significant difference (p ≤ 0.05) was found between 
visits 1 – 4 (p = 0.037) and visits 1 – 7 (p = 0.009). 
 
Analysis of Group 2 indicated that a statistically significant difference (p ≤ 0.05) was found between 
visits 1 – 7 (p = 0.017) but not between visits 1 – 4 (p = 0.059). This indicates that the difference 
occurred in later visits, i.e. between visits 4 – 7. 
 
Analysis of Group 3 indicated that a statistically significant difference (p ≤ 0.05) was found between 
visits 1 – 7 (p = 0.005) but not between visits 1 – 4 (p = 0.074). This indicates that the difference 
occurred in later visits, i.e. between visits 4 – 7. 
 
Inter-group analysis  
 
Table 4.7: Inter-group comparison at the first, fourth and seventh visit for degree of thoracic 
kyphosis readings of the three groups  
 
Kruskal-Wallis Test 
Visit  Mean/p-value Group 1 Group 2 Group 3 
1 Mean 19.2 13.2 14.1 
p-value p = 0.259 thus p > 0.05 
4 Mean 20.6 14.7 11.2 
p-value p = 0.054 thus p > 0.05 
7 Mean 21.45 13.85 11.20 
p-value p = 0.026 thus p ≤ 0.05 
 
 
Upon inter-group analysis, table 4.7 shows that the baseline reading of the p-value at visit 1 (p = 0.259) 
started at greater than 0.05 and therefore the groups started off comparable. The p-value remained 
greater at visit 4 (p = 0.054) indicating that there was no statistical significant difference at this point. At 
visit 7, however, the p-value was less than 0.05 (p = 0.026) indicating that there was a statistically 
significant difference between  at least two of the three groups at the final visit. 
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Table 4.8: Mann-Whitney test for changes in the angle of thoracic kyphosis readings at the 
seventh visit  
 
Mann-Whitney Test 
Groups 1 - 2 1 - 3 2 – 3 
p-value p = 0.043 
thus 
p ≤ 0.05 
p = 0.011 
thus 
p ≤ 0.05 
p = 0.481 
Thus 
p > 0.05 
 
The non-parametric Mann-Whitney test was used to determine between which groups the difference 
occurred. Between Groups 1 and 2 the p-value was less than 0.05 (p = 0.043) indicating a statistically 
significant difference at the seventh visit. Between Groups 1 and 3 the p-value was less than 0.05 (p = 
0.011) indicating a statistically significant difference at the seventh visit. Between Groups 2 and 3, 
however, the p-value was greater than 0.05 (p = 0.481) indicating no statistical significant difference 
between these two groups at the seventh visit.  
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4.4.2 Interscapular distance (superior angle) 
 
Table 4.9: Group 1 column statistics for interscapular distance (superior angle) 
 
Group 1: Interscapular distance (superior angle) 
Visit Mean Std 
Deviation 
Std 
Error 
Median 
1 17.88 2.35 1.33 18.25 
4 17.02 1.89 1.33 17.35 
7 15.98 1.8 1.33 15.5 
 
Table 4.10: Group 2 column statistics for interscapular distance (superior angle) 
 
Group 2: Interscapular distance (superior angle) 
Visit Mean Std 
Deviation 
Std 
Error 
Median 
1 15.68 2.1 0.69 16.3 
4 15.37 1.65 0.69 15.6 
7 14.39 1.52 0.69 14.2 
 
Table 4.11: Group 3 column statistics for interscapular distance (superior angle) 
 
Group 3: Interscapular distance (superior angle) 
Visit Mean Std 
Deviation 
Std 
Error 
Median 
1 16.32 3.18 .069 16.1 
4 14.52 3.08 0.69 13.15 
7 13.79 3.04 0.69 12.05 
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4.4.2.1 Clinical analysis 
 
 
 
Figure 4.8: Changes in the interscapular distance (superior angle) mean 
 
Figure 4.8 illustrates the mean distance measured between the two superior angles of the scapulae 
measured at the first, fourth and seventh visit. At the first visit Group 1 had a mean superior angle 
interscapular distance of 17.88cm, Group 2 had a mean superior angle interscapular distance of 
15.68cm, and Group 3 had a mean superior angle interscapular distance of 16.32cm. At the fourth visit 
Group 1 had a mean superior angle interscapular distance of 17.02cm, Group 2 had a mean superior 
angle interscapular distance of 15.37cm, and Group 3 had a mean superior angle interscapular 
distance of 14.52cm. At the seventh visit Group 1 had a mean superior angle interscapular distance of 
15.98cm, Group 2 had a mean superior angle interscapular distance of 14.39cm, and Group 3 had a 
mean superior angle interscapular distance of 13.79cm. This indicates that the mean decrease in 
superior angle interscapular distance for Group 1 was 10.63%, for Group 2 was 8.23% and for Group 3 
was 15.5%. 
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4.4.2.2 Statistical analysis 
 
Intra-group analysis 
 
Table 4.12: Friedmann test for changes in the interscapular distance (superior angle) 
 
Friedman Test 
Group 1 Group 2 Group 3 
p = 0.000 
Thus 
p ≤ 0.05 
p = 0.021 
Thus 
p ≤ 0.05 
p = 0.000 
Thus 
p ≤ 0.05 
 
The Friedman test was used to check for changes over time within the three groups, and was 
statistically significant (p ≤ 0.05) in all three groups. Group 1 had a p-value of 0.000, Group 2 had a p-
value of 0.021 and Group 3 had a p-value of 0.000. The Wilcoxon signed test was used for the within 
group analysis to demonstrate where these changes occurred. 
 
Table 4.13: Wilcoxon signed rank test for changes in the interscapular distance (superior angle) 
 
Wilcoxon Signed Rank Test 
Visit Group 1 Group 2 Group 3 
1 - 4 p = 0.009 
Thus  
p ≤ 0.05 
p = 0.68 
Thus  
p > 0.05 
p = 0.011 
Thus  
P ≤ 0.05 
1 - 7 p = 0.005 
Thus  
p ≤ 0.05 
P = 0.050 
Thus  
p ≤ 0.05 
p = 0.005 
Thus  
p ≤ 0.05 
 
The non-parametric Wilcoxon signed rank test was used to determine where the changes occurred 
between visits in Group 1, 2 and 3. What can be seen from table 4.13 is that there was a statistically 
significant difference noted on intra-group analysis, via the Wilcoxon signed rank test, of Group 1 and 3 
between all the visits. In Group 2 there was no significant difference between visit 1 – 4 but there was 
for visits 1 – 7, this indicates that there was a significant change between visits 4 – 7 in this group. 
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Analysis of Group 1 indicated that a statistically significant difference (p ≤ 0.05) was found between 
visits 1 – 4 (p = 0.009) and visits 1 – 7 (p = 0.005). 
 
Analysis of Group 2 indicated no statistically significant difference (p > 0.05) found between visits 1 – 4 
(p = 0.068) but did find a statistically significant difference (p ≤ 0.05) between visits 1 – 7 (p = 0.050). 
This indicates that the difference occurred in later visits, ie. Between visits 4 – 7. 
 
Analysis of Group 3 indicated that a statistically significant difference (p ≤ 0.05) was found between 
visits 1 – 4 (p = 0.011) and visits 1 – 7 (p = 0.005). 
 
Inter-group analysis  
 
Table 4.14: Inter-group comparison at the first, fourth and seventh visit for the interscapular 
distance (superior angle) 
 
Kruskal-Wallis Test 
Visit  Mean/p-value Group 1 Group 2 Group 3 
1 Mean 19.5 12.8 14.2 
p-value p = 0.199 thus p > 0.05 
4 Mean 20.85 15.1 10.55 
p-value p = 0.032 thus p ≤ 0.05 
7 Mean 20.40 14.40 11.70 
p-value p = 0.077 thus p > 0.05 
 
 
Upon inter-group analysis, table 4.14 shows that the baseline reading of the p-value at visit 1 (p = 
0.199) started at greater than 0.05 and therefore the groups started off comparable. At visit 4 the p-
value drops below 0.05 (p = 0.032) indicating that there was a statistically significant difference at this 
point. At visit 7, however, the p-value was greater than 0.05 (p = 0.077) indicating that there was no 
statistically significant difference between the three groups at the final visit. 
 
 
 
54 
 
Table 4.15: Mann-Whitney test for changes in the interscapular distance (superior angle) at visit 
4 
 
Mann-Whitney Test 
Groups 1 - 2 1 - 3 2 – 3 
p-value p = 0.082 
thus 
p > 0.05 
p = 0.021 
thus 
p ≤ 0.05 
p = 0.150 
Thus 
p > 0.05 
 
The non-parametric Mann-Whitney test was used to determine between which groups the changes 
occurred. Between Groups 1 and 2 the p-value was greater than 0.05 (p = 0.082) indicating no 
statistical significant difference between these two groups at the fourth visit. Between Groups 1 and 3 
the p-value was less than 0.05 (p = 0.021) indicating a statistically significant difference at the fourth 
visit. Between Groups 2 and 3, however, the p-value was, again, greater than 0.05 (p = 0.150) 
indicating no statistical significant difference between these two groups at the fourth visit.  
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4.4.3 Interscapular distance (middle of medial border) 
 
Table 4.16: Group 1 column statistics for interscapular distance (middle of medial border) 
 
Group 1: Interscapular distance (middle of medial border) 
Visit Mean Std 
Deviation 
Std 
Error 
Median 
1 18.12 2.68 0.69 17.75 
4 17.16 1.79 0.69 17.2 
7 16.46 1.82 0.69 16.1 
 
Table 4.17: Group 2 column statistics for interscapular distance (middle of medial border) 
 
Group 2: Interscapular distance (middle of medial border) 
Visit Mean Std 
Deviation 
Std 
Error 
Median 
1 15.96 1.6 0.69 16.4 
4 15.68 1.67 0.69 16 
7 14.46 1.51 0.69 14.15 
 
Table 4.18: Group 3 column statistics for interscapular distance (middle of medial border) 
 
Group 3: Interscapular distance (middle of medial border) 
Visit Mean Std 
Deviation 
Std 
Error 
Median 
1 16.89 3.17 0.69 16.75 
4 14.78 3.37 0.69 13.25 
7 14.74 4.44 0.69 12.85 
 
 
 
 
56 
 
4.4.3.1 Clinical analysis 
 
 
 
Figure 4.9: Changes in the interscapular distance (middle of medial border) mean 
 
 
Figure 4.9 illustrates the mean distance measured between the two midpoints of the medial borders of 
the scapulae measured at the first, fourth and seventh visit. At the first visit Group 1 had a mean 
midpoint interscapular distance of 18.12cm, Group 2 had a mean midpoint interscapular distance of 
15.96cm, and Group 3 had a mean midpoint interscapular distance of 16.89cm. At the fourth visit 
Group 1 had a mean midpoint interscapular distance of 17.16cm, Group 2 had a mean midpoint 
interscapular distance of 15.68cm, and Group 3 had a mean midpoint interscapular distance of 
14.78cm. At the seventh visit Group 1 had a mean midpoint interscapular distance of 16.46cm, Group 
2 had a mean midpoint interscapular distance of 14.46cm, and Group 3 had a mean midpoint 
interscapular distance of 14.74cm. This indicates that the mean decrease in midpoint interscapular 
distance for Group 1 was 6.07%, for Group 2 was 9.4% and for Group 3 was 12.73%. 
 
 
 
 
 
 
 
18.12
17.16
16.46
15.96 15.68
14.46
16.89
14.78 14.74
13
14
15
16
17
18
19
Visit 1 Visit 4 Visit 7
in
te
rs
ca
ou
la
r d
is.
 (m
id
.) 
in
 cm
Group 1
Group 2
Group 3
57 
 
4.4.3.2 Statistical analysis 
 
Intra-group analysis 
 
Table 4.19: Friedmann test for changes in the interscapular distance (middle of medial border) 
 
Friedman Test 
Group 1 Group 2 Group 3 
p = 0.000 
Thus 
p ≤ 0.05 
p = 0.002 
Thus 
p ≤ 0.05 
p = 0.020 
Thus 
p ≤ 0.05 
 
The Friedman test was used to check for changes over time within the three groups, and was 
statistically significant (p ≤ 0.05) in all three groups. Group 1 had a p-value of 0.000, Group 2 had a p-
value of 0.002 and Group 3 had a p-value of 0.020. The Wilcoxon signed test was used for the within 
group analysis to demonstrate where these changes occurred. 
 
Table 4.20: Wilcoxon signed rank test for changes in the interscapular distance (middle of 
medial border) 
 
Wilcoxon Signed Rank Test 
Visit Group 1 Group 2 Group 3 
1 - 4 p = 0.012 
Thus  
p ≤ 0.05 
p = 0.507 
Thus  
p > 0.05 
p = 0.012 
Thus  
p ≤ 0.05 
1 - 7 p = 0.005 
Thus  
p ≤ 0.05 
p = 0.005 
Thus  
p ≤ 0.05 
p = 0.028 
Thus  
p ≤ 0.05 
 
The non-parametric Wilcoxon signed rank test was used to determine where the changes occurred 
between visits in Group 1, 2 and 3. What can be seen from table 4.20 is that there was a statistically 
significant difference noted on intra-group analysis, via the Wilcoxon signed rank test, of Group 1 and 3 
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between all the visits. In Group 2 there was no significant difference between visit 1 – 4 but there was 
for visits 1 – 7, this indicates that there was a significant change between visits 4 – 7 in this group. 
 
Analysis of Group 1 indicated that a statistically significant difference (p ≤ 0.05) was found between 
visits 1 – 4 (p = 0.012) and visits 1 – 7 (p = 0.005). 
 
Analysis of Group 2 indicated no statistically significant difference (p > 0.05) found between visits 1 – 4 
(p = 0.507) but did find a statistically significant difference (p ≤ 0.05) between visits 1 – 7 (p = 0.005). 
This indicates that the difference occurred in later visits, i.e. Between visits 4 – 7. 
 
Analysis of Group 3 indicated that a statistically significant difference (p ≤ 0.05) was found between 
visits 1 – 4 (p = 0.012) and visits 1 – 7 (p = 0.028). 
 
Inter-group analysis  
 
Table 4.21: Inter-group comparison at the first, fourth and seventh visit for the interscapular 
distance (middle of medial border) 
 
Kruskal-Wallis Test 
Visit  Mean/p-value Group 1 Group 2 Group 3 
1 Mean 18.95 12.25 15.30 
p-value p = 0.233 thus p > 0.05 
4 Mean 20.80 15.65 10.05 
p-value p = 0.024 thus p ≤ 0.05 
7 Mean 21.20 13.55 11.75 
p-value p = 0.039 thus p ≤ 0.05 
 
 
Upon inter-group analysis, table 4.21 shows that the baseline reading of the p-value at visit 1 (p = 
0.223) started at greater than 0.05 and therefore the groups started off comparable. At visit 4 the p-
value drops below 0.05 (p = 0.024) indicating that there was a statistically significant difference at this 
point. At visit 7 the p-value remained lower than 0.05 (p = 0.039) indicating that there was a statistically 
significant difference between at least two of the three groups at the final visit. 
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Table 4.22: Mann-Whitney test for changes in the interscapular distance (middle of medial 
border) at visit 4 
 
Mann-Whitney Test 
Groups 1 - 2 1 - 3 2 – 3 
p-value p = 0.103 
thus 
p > 0.05 
p = 0.017 
thus 
p ≤ 0.05 
p = 0.082 
Thus 
p > 0.05 
 
The non-parametric Mann-Whitney test was used to determine between which groups the changes 
occurred. Between Groups 1 and 2 the p-value was greater than 0.05 (p = 0.103) indicating no 
statistical significant difference between these two groups at the fourth visit. Between Groups 1 and 3 
the p-value was less than 0.05 (p = 0.017) indicating a statistically significant difference at the fourth 
visit. Between Groups 2 and 3, however, the p-value was, again, greater than 0.05 (p = 0.082) 
indicating no statistical significant difference between these two groups at the fourth visit.  
 
Table 4.23 Mann-Whitney test for changes in the interscapular distance (middle of medial 
border) at visit 7 
 
Mann-Whitney Test 
Groups 1 - 2 1 - 3 2 – 3 
p-value p = 0.028 
thus 
p ≤ 0.05 
p = 0.034 
thus 
p ≤ 0.05 
p = 0.472 
Thus 
p > 0.05 
 
The non-parametric Mann-Whitney test was used to determine between which groups the changes 
occurred. Between Groups 1 and 2 the p-value was less than 0.05 (p = 0.028) indicating a statistically 
significant difference between these two groups at the seventh visit. Between Groups 1 and 3 the p-
value was, again, less than 0.05 (p = 0.034) indicating a statistically significant difference at the seventh 
visit. Between Groups 2 and 3, however, the p-value was greater than 0.05 (p = 0.472) indicating no 
statistical significant difference between these two groups at the seventh visit. 
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4.4.4 Interscapular distance (inferior angle) 
 
Table 4.24: Group 1 column statistics for interscapular distance (inferior angle) 
 
Group 1: Interscapular distance (inferior angle ) 
Visit Mean Std 
Deviation 
Std 
Error 
Median 
1 18.5 2.91 0.6*9 17.75 
4 18.23 2.55 0.69 17.65 
7 17.32 2.56 0.69 16.15 
 
Table 4.25: Group 2 column statistics for interscapular distance (inferior angle) 
 
Group 2: Interscapular distance (inferior angle) 
Visit Mean Std 
Deviation 
Std 
Error 
Median 
1 16.68 1.03 0.69 16.35 
4 16.51 1.57 0.69 17 
7 15.28 1.51 0.69 15.15 
 
Table 4.26: Group 3 column statistics for interscapular distance (inferior angle) 
 
Group 3: Interscapular distance (inferior angle) 
Visit Mean Std 
Deviation 
Std 
Error 
Median 
1 17.22 3.34 0.69 17.1 
4 15.79 3.03 0.69 15.4 
7 15.07 3.45 0.69 13.6 
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4.4.4.1 Clinical analysis 
 
 
 
Figure 4.10: Changes in the interscapular distance (inferior angle) mean 
 
 
Figure 4.10 illustrates the mean distance measured between the two inferior angles of the scapulae 
measured at the first, fourth and seventh visit. At the first visit Group 1 had a mean inferior angle 
interscapular distance of 18.5cm, Group 2 had a mean inferior angle interscapular distance of 
16.68cm, and Group 3 had a mean inferior angle interscapular distance of 17.22cm. At the fourth visit 
Group 1 had a mean inferior angle interscapular distance of 18.23cm, Group 2 had a mean inferior 
angle interscapular distance of 16.51cm, and Group 3 had a mean inferior angle interscapular distance 
of 15.79cm. At the seventh visit Group 1 had a mean inferior angle interscapular distance of 17.32cm, 
Group 2 had a mean inferior angle interscapular distance of 15.28cm, and Group 3 had a mean inferior 
angle interscapular distance of 15.07cm. This indicates that the mean decrease in inferior angle 
interscapular distance for Group 1 was 6.34%, for Group 2 was 8.39% and for Group 3 was 12.49%. 
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4.4.4.2 Statistical analysis 
 
Intra-group analysis 
 
Table 4.27: Friedmann test for changes in the interscapular distance (inferior angle) 
 
Friedman Test 
Group 1 Group 2 Group 3 
p = 0.007 
Thus 
p ≤ 0.05 
p = 0.006 
Thus 
p ≤ 0.05 
p = 0.000 
Thus 
p ≤ 0.05 
 
The Friedman test was used to check for changes over time within the three groups, and was 
statistically significant (p ≤ 0.05) in all three groups. Group 1 had a p-value of 0.007, Group 2 had a p-
value of 0.006 and Group 3 had a p-value of 0.000. The Wilcoxon signed test was used for the within 
group analysis to demonstrate where these changes occurred. 
 
Table 4.28: Wilcoxon signed rank test for changes in the interscapular distance (inferior angle) 
 
Wilcoxon Signed Rank Test 
Visit Group 1 Group 2 Group 3 
1 - 4 p = 0.574 
Thus  
p > 0.05 
p = 0.944 
Thus  
p > 0.05 
p = 0.005 
Thus  
p ≤ 0.05 
1 - 7 p = 0.014 
Thus  
p ≤ 0.05 
p = 0.017 
Thus  
p ≤ 0.05 
p = 0.005 
Thus  
p ≤ 0.05 
 
The non-parametric Wilcoxon signed rank test was used to determine where the changes occurred 
between visits in Group 1, 2 and 3. What can be seen from table 4.28 is that there was a statistically 
significant difference noted on intra-group analysis, via the Wilcoxon signed rank test, of Group 3 
between all the visits. In Group 1 and 2 there was no significant difference between visit 1 – 4 but there 
was for visits 1 – 7, this indicates there was a significant change between visits 4 – 7 in these groups. 
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Analysis of Group 1 indicated no statistically significant difference (p > 0.05) found between visits 1 – 4 
(p = 0.574) but a statistically significant difference (p ≤ 0.05) was found between visits 1 – 7 (p = 
0.014). 
 
Analysis of Group 2 indicated no statistically significant difference (p > 0.05) found between visits 1 – 4 
(p = 0.944) but a statistically significant difference (p ≤ 0.05) was found between visits 1 – 7 (p = 
0.017). 
 
Analysis of Group 3 indicated that a statistically significant difference (p ≤ 0.05) was found between 
visits 1 – 4 (p = 0.005) and visits 1 – 7 (p = 0.005). 
 
Inter-group analysis  
 
Table 4.29: Inter-group comparison at the first, fourth and seventh visit for the interscapular 
distance (inferior angle) 
 
Kruskal-Wallis Test 
Visit  Mean/p-value Group 1 Group 2 Group 3 
1 Mean 18.60 13.60 14.30 
p-value p = 0.387 thus p > 0.05 
4 Mean 20.50 15.10 10.90 
p-value p = 0.050 thus p ≤ 0.05 
7 Mean 20.40 14.30 11.80 
p-value p = 0.080 thus p > 0.05 
 
 
Upon inter-group analysis, table 4.29 shows that the baseline reading of the p-value at visit 1 (p = 
0.387) started at greater than 0.05 and therefore the groups started off comparable. At visit 4 the p-
value drops 0.05 (p = 0.050) indicating that there was a statistically significant difference at this point. 
At visit 7, however, the p-value was greater than 0.05 (p = 0.080) indicating that there was no 
statistically significant difference between the three groups at the final visit. 
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Table 4.30: Mann-Whitney test for changes in the interscapular distance (inferior angle) at visit 4 
 
Mann-Whitney Test 
Groups 1 - 2 1 - 3 2 – 3 
p-value p = 0.112 
thus 
p > 0.05 
p = 0.028 
thus 
p ≤ 0.05 
p = 0.198 
Thus 
p > 0.05 
 
The non-parametric Mann-Whitney test was used to determine between which groups the changes 
occurred. Between Groups 1 and 2 the p-value was greater than 0.05 (p = 0.112) indicating no 
statistical significant difference between these two groups at the fourth visit. Between Groups 1 and 3 
the p-value was less than 0.05 (p = 0.028) indicating a statistically significant difference at the fourth 
visit. Between Groups 2 and 3, however, the p-value was, again, greater than 0.05 (p = 0.198) 
indicating no statistical significant difference between these two groups at the fourth visit.  
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4.4.5 Interacromial distance 
 
Table 4.31: Group 1 column statistics for interacromial distance 
 
Group 1: Interacromial distance 
Visit Mean Std 
Deviation 
Std 
Error 
Median 
1 39.75 4.15 0.69 39.3 
4 38.22 3.87 0.69 38.15 
7 37.13 3.93 0.69 37.25 
 
Table 4.32: Group 2 column statistics for interacromial distance 
 
Group 2: Interacromial distance 
Visit Mean Std 
Deviation 
Std 
Error 
Median 
1 36.77 2.98 0.69 37 
4 34.64 3.32 0.69 34.9 
7 32.43 2.48 0.69 32.75 
 
Table 4.33: Group 3 column statistics for interacromial distance 
 
Group 3: Interacromial distance 
Visit Mean Std 
Deviation 
Std 
Error 
Median 
1 36.7 4.76 0.69 34.95 
4 34.04 4.93 0.69 32.35 
7 33.64 4.21 0.69 32 
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4.4.5.1 Clinical analysis 
 
 
 
Figure 4.11: Changes in the interacromial distance mean 
 
Figure 4.11 illustrates the mean distance measured between the two acromion processes measured at 
the first, fourth and seventh visit. At the first visit Group 1 had a mean interacromial distance of 
39.75cm, Group 2 had a mean interacromial distance of 36.77cm, and Group 3 had a mean 
interacromial distance of 36.7cm. At the fourth visit Group 1 had a mean interacromial distance of 
38.22cm, Group 2 had a mean interacromial distance of 34.65cm, and Group 3 had a mean 
interacromial distance of 34.04cm. At the seventh visit Group 1 had a mean interacromial distance of 
37.13cm, Group 2 had a mean interacromial distance of 32.43cm, and Group 3 had a mean 
interacromial distance of 33.64cm. This indicates that the mean decrease in interacromial distance for 
Group 1 was 6.59%, for Group 2 was 11.8% and for Group 3 was 8.34%. 
 
 
 
 
 
 
 
 
39.75
38.22
37.1336.77
34.64
32.43
36.7
34.04 33.64
31
32
33
34
35
36
37
38
39
40
Visit 1 Visit 4 Visit 7
In
te
ra
cr
om
ia
l d
ist
an
ce
 in
 c
m
Group 1
Group2
Group 3
67 
 
4.4.5.2 Statistical analysis 
 
Intra-group analysis 
 
Table 4.34: Friedmann test for changes in the interacromial distance  
 
Friedman Test 
Group 1 Group 2 Group 3 
p = 0.001 
Thus 
p ≤ 0.05 
p = 0.000 
Thus 
p ≤ 0.05 
p = 0.001 
Thus 
p ≤ 0.05 
 
The Friedman test was used to check for changes over time within the three groups, and was 
statistically significant (p ≤ 0.05) in all three groups. Group 1 had a p-value of 0.001, Group 2 had a p-
value of 0.000 and Group 3 had a p-value of 0.001. The Wilcoxon signed test was used for the within 
group analysis to demonstrate where these changes occurred. 
 
Table 4.35: Wilcoxon signed rank test for changes in the interacromial distance  
 
Wilcoxon Signed Rank Test 
Visit Group 1 Group 2 Group 3 
1 - 4 p = 0.022 
Thus  
p ≤ 0.05 
p = 0.005 
Thus  
p ≤ 0.05 
p = 0.005 
Thus  
p ≤ 0.05 
1 - 7 p = 0.005 
Thus  
p ≤ 0.05 
p = 0.005 
Thus  
p ≤ 0.05 
p = 0.005 
Thus  
p ≤ 0.05 
 
The non-parametric Wilcoxon signed rank test was used to determine where the changes occurred 
between visits in Group 1, 2 and 3. What can be seen from table 4.35 is that there was a statistically 
significant difference noted on intra-group analysis, via the Wilcoxon signed rank test, of Groups 1, 2 
and 3 between all the visits. 
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Analysis of Group 1 indicated that a statistically significant difference (p ≤ 0.05) was found between 
visits 1 – 4 (p = 0.022) and visits 1 – 7 (p = 0.005). 
 
Analysis of Group 2 indicated that a statistically significant difference (p ≤ 0.05) was found between 
visits 1 – 4 (p = 0.005) and visits 1 – 7 (p = 0.005). 
 
Analysis of Group 3 indicated that a statistically significant difference (p ≤ 0.05) was found between 
visits 1 – 4 (p = 0.005) and visits 1 – 7 (p = 0.005). 
 
Inter-group analysis  
 
Table 4.36: Inter-group comparison at the first, fourth and seventh visit for the interacromial 
distance 
 
Kruskal-Wallis Test 
Visit  Mean/p-value Group 1 Group 2 Group 3 
1 Mean 19.45 14.15 12.90 
p-value p = 0.209 thus p > 0.05 
4 Mean 20.55 14.15 11.80 
p-value p = 0.071 thus p > 0.05 
7 Mean 21.40 11.50 13.60 
p-value p = 0.030 thus p ≤ 0.05 
 
 
Upon inter-group analysis, table 4.36 shows that the baseline reading of the p-value at visit 1 (p = 
0.209) started at greater than 0.05 and therefore the groups started off comparable. At visit 4 the p-
value remained above drops 0.05 (p = 0.071) indicating that there was no statistically significant 
difference at this point. At visit 7, however, the p-value dropped below 0.05 (p = 0.030) indicating that 
there was a statistically significant difference between at least two of the three groups at the final visit. 
 
 
 
 
69 
 
Table 4.37: Mann-Whitney test for changes in the interacromial distance at visit 7 
 
Mann-Whitney Test 
Groups 1 - 2 1 - 3 2 – 3 
p-value p = 0.006 
thus 
p ≤ 0.05 
p = 0.082 
thus 
p > 0.05 
p = 0.762 
Thus 
p > 0.05 
 
The non-parametric Mann-Whitney test was used to determine between which groups the changes 
occurred. Between Groups 1 and 2 the p-value was less than 0.05 (p = 0.006) indicating a statistical 
significant difference between these two groups at the seventh visit. Between Groups 1 and 3 the p-
value was greater than 0.05 (p = 0.082) indicating no statistically significant difference at the seventh 
visit. Between Groups 2 and 3, similarly, the p-value was greater than 0.05 (p = 0.762) indicating no 
statistical significant difference between these two groups at the seventh visit.  
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4.4.6 Acromion-C7 distance (right) 
 
Table 4.38: Group 1 column statistics for acromion-C7 distance (right) 
 
Group 1: Acromion-C7 distance (right) 
Visit Mean Std 
Deviation 
Std 
Error 
Median 
1 20.48 2.7 0.69 20.1 
4 22.04 7.79 0.69 20.5 
7 18.99 2.13 0.69 19.2 
 
Table 4.39: Group 2 column statistics for acromion-C7 distance (right) 
 
Group 2: Aromion-C7 distance (right) 
Visit Mean Std 
Deviation 
Std 
Error 
Median 
1 18.44 1.47 0.69 18.25 
4 17.28 1.47 0.69 17.2 
7 16.36 1.62 0.69 16.05 
 
Table 4.40: Group 3 column statistics for acromion-C7 distance (right) 
 
Group 3: Acromion-C7 distance (right) 
Visit Mean Std 
Deviation 
Std 
Error 
Median 
1 18.83 2.7 0.69 18.05 
4 17.31 2.7/8 0.69 16.1 
7 16.8 2 0.69 16.05 
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4.4.6.1 Clinical analysis 
 
 
 
Figure 4.12: Changes in the acromion-C7 distance (right) mean 
 
Figure 4.12 illustrates the mean distance measured between the C7 spinous process and the right 
acromion process at the first, fourth and seventh visit. At the first visit Group 1 had a mean acromion-
C7 (right) distance of 20.48cm, Group 2 had a mean acromion-C7 (right) distance of 18.44cm, and 
Group 3 had a mean acromion-C7 (right) distance of 18.83cm. At the fourth visit Group 1 had a mean 
acromion-C7 (right) distance of 22.04cm, Group 2 had a mean acromion-C7 (right) distance of 
17.28cm, and Group 3 had a mean acromion-C7 (right) distance of 17.31cm. At the seventh visit 
Group 1 had a mean acromion-C7 (right) distance of 18.99cm, Group 2 had a mean acromion-C7 
(right) distance of 16.36cm, and Group 3 had a mean acromion-C7 (right) distance of 16.8cm. This 
indicates that the mean decrease in acromion-C7 (right) distance for Group 1 was 7.27%, for Group 2 
was 11.28% and for Group 3 was 10.78%. 
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4.4.6.2 Statistical analysis 
 
Intra-group analysis 
 
Table 4.41: Friedmann test for changes in the acromion-C7 distance (right) 
 
Friedman Test 
Group 1 Group 2 Group 3 
p = 0.002 
Thus 
p ≤ 0.05 
p = 0.000 
Thus 
p ≤ 0.05 
p = 0.000 
Thus 
p ≤ 0.05 
 
The Friedman test was used to check for changes over time within the three groups, and was 
statistically significant (p ≤ 0.05) in all three groups. Group 1 had a p-value of 0.002, Group 2 had a p-
value of 0.000 and Group 3 had a p-value of 0.000. The Wilcoxon signed test was used for the within 
group analysis to demonstrate where these changes occurred. 
 
Table 4.42: Wilcoxon signed rank test for changes in the acromion-C7 distance (right) 
 
Wilcoxon Signed Rank Test 
Visit Group 1 Group 2 Group 3 
1 - 4 p = 0.837 
Thus  
p > 0.05 
p = 0.009 
Thus  
p ≤ 0.05 
p = 0.005 
Thus  
p ≤ 0.05 
1 - 7 p = 0.005 
Thus  
p ≤ 0.05 
p = 0.005 
Thus  
p ≤ 0.05 
p = 0.005 
Thus  
p ≤ 0.05 
 
The non-parametric Wilcoxon signed rank test was used to determine where the changes occurred 
between visits in Group 1, 2 and 3. What can be seen from table 4.42 is that there was a statistically 
significant difference noted on intra-group analysis, via the Wilcoxon signed rank test, of Group 2 and 3 
between all the visits. In Group 1 there was no significant difference between visit 1 – 4 but there was 
for visits 1 – 7, this indicates that there was a significant change between visits 4 – 7 in this group. 
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Analysis of Group 1 indicated no statistically significant difference (p > 0.05) found between visits 1 – 4 
(p = 0.837) but did find a statistically significant difference (p ≤ 0.05) between visits 1 – 7 (p = 0.005). 
This indicates that the difference occurred in later visits, i.e. Between visits 4 – 7. 
 
Analysis of Group 2 indicated that a statistically significant difference (p ≤ 0.05) was found between 
visits 1 – 4 (p = 0.009) and visits 1 – 7 (p = 0.005). 
  
Analysis of Group 3 indicated that a statistically significant difference (p ≤ 0.05) was found between 
visits 1 – 4 (p = 0.005) and visits 1 – 7 (p = 0.005). 
 
Inter-group analysis  
 
Table 4.43: Inter-group comparison at the first, fourth and seventh visit for the acromion-C7 
distance (right) 
 
Kruskal-Wallis Test 
Visit  Mean/p-value Group 1 Group 2 Group 3 
1 Mean 19 85 13.05 13.60 
p-value p = 0.158 thus p > 0.05 
4 Mean 22.00 13.55 10.95 
p-value p = 0.013 thus p ≤ 0.05 
7 Mean 21.40 12.40 12.70 
p-value p = 0.034 thus p ≤ 0.05 
 
 
Upon inter-group analysis, table 4.43 shows that the baseline reading of the p-value at visit 1 (p = 
0.158) started at greater than 0.05 and therefore the groups started off comparable. At visit 4 the p-
value drops below 0.05 (p = 0.013) indicating that there was a statistically significant difference at this 
point. At visit 7 the p-value remains below 0.05 (p = 0.034) indicating that there was a statistically 
significant difference between the three groups at the final visit. 
 
 
 
74 
 
Table 4.44: Mann-Whitney test for changes in the acromion-C7 distance (right) at visit 4 
 
Mann-Whitney Test 
Groups 1 - 2 1 – 3 2 – 3 
p-value p = 0.015 
thus 
p ≤ 0.05 
p = 0.012 
thus 
p ≤ 0.05 
p = 0.343 
Thus 
p > 0.05 
 
The non-parametric Mann-Whitney test was used to determine between which groups the changes 
occurred. Between Groups 1 and 2 the p-value was less than 0.05 (p = 0.015) indicating a statistical 
significant difference between these two groups at the fourth visit. Between Groups 1 and 3 the p-value 
was again less than 0.05 (p = 0.012) indicating a statistically significant difference at the fourth visit. 
Between Groups 2 and 3, however, the p-value was greater than 0.05 (p = 0.343) indicating no 
statistical significant difference between these two groups at the fourth visit.  
 
 
Table 4.45: Mann-Whitney test for changes in the acromion-C7 distance (right) at visit 7 
 
Mann-Whitney Test 
Groups 1 - 2 1 – 3 2 – 3 
p-value p = 0.031 
thus 
p ≤ 0.05 
p = 0.021 
thus 
p ≤ 0.05 
p = 0.850 
Thus 
p > 0.05 
 
The non-parametric Mann-Whitney test was used to determine between which groups the changes 
occurred. Between Groups 1 and 2 the p-value was less than 0.05 (p = 0.031) indicating a statistical 
significant difference between these two groups at the seventh visit. Between Groups 1 and 3 the p-
value was again less than 0.05 (p = 0.021) indicating a statistically significant difference at the seventh 
visit. Between Groups 2 and 3, however, the p-value was greater than 0.05 (p = 0.850) indicating no 
statistical significant difference between these two groups at the seventh visit.  
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4.4.7 Acromion-C7 distance (left) 
 
Table 4.46: Group 1 column statistics for acromion-C7 distance (left) 
 
Group 1: Acromion-C7 distance (left) 
Visit Mean Std 
Deviation 
Std 
Error 
Median 
1 20.31 2.37 0.69 19.85 
4 21.75 7.71 0.69 19.75 
7 18.82 2.01 0.69 19 
 
Table 4.47: Group 2 column statistics for acromion-C7 distance (left) 
 
Group 2: Aromion-C7 distance (left) 
Visit Mean Std 
Deviation 
Std 
Error 
Median 
1 18.74 1.46 0.69 18.5 
4 17.47 1.59 0.69 17.35 
7 16.26 1.24 0.69 16.2 
 
Table 4.48: Group 3 column statistics for acromion-C7 distance (left) 
 
Group 3: Acromion-C7 distance (left) 
Visit Mean Std 
Deviation 
Std 
Error 
Median 
1 18.3 2.89 0.69 17.7 
4 17.38 2.92 0.69 16.1 
7 16.7 2.18 0.69 15.75 
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4.4.7.1 Clinical analysis 
 
 
 
Figure 4.13: Changes in acromion-C7 distance (left) mean 
 
Figure 4.13 illustrates the mean distance measured between the C7 spinous process and the left 
acromion process at the first, fourth and seventh visit. At the first visit Group 1 had a mean acromion-
C7 (left) distance of 20.31cm, Group 2 had a mean acromion-C7 (left) distance of 18.75cm, and Group 
3 had a mean acromion-C7 (left) distance of 18.3cm. At the fourth visit Group 1 had a mean acromion-
C7 (left) distance of 21.75cm, group 2 had a mean acromion-C7 (left) distance of 17.47cm, and Group 
3 had a mean acromion-C7 (left) distance of 17.38cm. At the seventh visit Group 1 had a mean 
acromion-C7 (left) distance of 18.82cm, Group 2 had a mean acromion-C7 (left) distance of 16.26cm, 
and Group 3 had a mean acromion-C7 (left) distance of 16.7cm. This indicates that the mean decrease 
in acromion-C7 (left) distance for Group 1 was 7.34%, for Group 2 was 13.28% and for Group 3 was 
8.74%. 
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4.4.7.2 Statistical analysis 
 
Intra-group analysis 
 
Table 4.49: Friedmann test for changes in the acromion-C7 distance (left) 
 
Friedman Test 
Group 1 Group 2 Group 3 
p = 0.002 
Thus 
p ≤ 0.05 
p = 0.000 
Thus 
p ≤ 0.05 
p = 0.003 
Thus 
p ≤ 0.05 
 
The Friedman test was used to check for changes over time within the three groups, and was 
statistically significant (p ≤ 0.05) in all three groups. Group 1 had a p-value of 0.002, Group 2 had a p-
value of 0.000 and Group 3 had a p-value of 0.003. The Wilcoxon signed test was used for the within 
group analysis to demonstrate where these changes occurred. 
 
Table 4.50: Wilcoxon signed rank test for changes in the acromion-C7 distance (left) 
 
Wilcoxon Signed Rank Test 
Visit Group 1 Group 2 Group 3 
1 - 4 p = 0.813 
Thus  
p > 0.05 
p = 0.005 
Thus  
p ≤ 0.05 
p = 0.021 
Thus  
p ≤ 0.05 
1 - 7 p = 0.007 
Thus  
p ≤ 0.05 
p = 0.005 
Thus  
p ≤ 0.05 
p = 0.005 
Thus  
p ≤ 0.05 
 
The non-parametric Wilcoxon signed rank test was used to determine where the changes occurred 
between visits in Group 1, 2 and 3. What can be seen from table 4.50 is that there was a statistically 
significant difference noted on intra-group analysis, via the Wilcoxon signed rank test, of Group 2 and 3 
between all the visits. In Group 1 there was no significant difference between visits 1 – 4 but there was 
for visits 1 – 7, this indicates that there was a significant change between visits 4 – 7 in this group. 
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Analysis of Group 1 indicated no statistically significant difference (p > 0.05) found between visits 1 – 4 
(p = 0.813) but did find a statistically significant difference (p ≤ 0.05) between visits 1 – 7 (p = 0.007). 
This indicates that the difference occurred in later visits, ie. Between visits 4 – 7. 
 
Analysis of Group 2 indicated that a statistically significant difference (p ≤ 0.05) was found between 
visits 1 – 4 (p = 0.005) and visits 1 – 7 (p = 0.005). 
  
Analysis of Group 3 indicated that a statistically significant difference (p ≤ 0.05) was found between 
visits 1 – 4 (p = 0.021) and visits 1 – 7 (p = 0.005). 
 
Inter-group analysis  
 
Table 4.51: Inter-group comparison at the first, fourth and seventh visit for the acromion-C7 
distance (left) 
 
Kruskal-Wallis Test 
Visit  Mean/p-value Group 1 Group 2 Group 3 
1 Mean 19 60 14.75 12.15 
p-value p = 0.158 thus p > 0.05 
4 Mean 21.90 13.45 11.15 
p-value p = 0.016 thus p ≤ 0.05 
7 Mean 21.80 12.00 12.70 
p-value p = 0.021 thus p ≤ 0.05 
 
 
Upon inter-group analysis, table 4.50 shows that the baseline reading of the p-value at visit 1 (p = 
0.158) started at greater than 0.05 and therefore the groups started off comparable. At visit 4 the p-
value drops below 0.05 (p = 0.016) indicating that there was a statistically significant difference at this 
point. At visit 7 the p-value remains below 0.05 (p = 0.021) indicating that there was a statistically 
significant difference between at least two of the three groups at the final visit. 
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Table 4.52: Mann-Whitney test for changes in the acromion-C7 distance (left) at visit 4 
 
Mann-Whitney Test 
Groups 1 - 2 1 – 3 2 – 3 
p-value p = 0.016 
thus 
p ≤ 0.05 
p = 0.016 
thus 
p ≤ 0.05 
p = 0.384 
Thus 
p > 0.05 
 
The non-parametric Mann-Whitney test was used to determine between which groups the changes 
occurred. Between Groups 1 and 2 the p-value was less than 0.05 (p = 0.016) indicating a statistical 
significant difference between these two groups at the fourth visit. Between Groups 1 and 3 the p-value 
was again less than 0.05 (p = 0.016) indicating a statistically significant difference at the fourth visit. 
Between Groups 2 and 3, however, the p-value was greater than 0.05 (p = 0.384) indicating no 
statistical significant difference between these two groups at the fourth visit.  
 
 
Table 4.53: Mann-Whitney test for changes in the acromion-C7 distance (left) at visit 7 
 
Mann-Whitney Test 
Groups 1 - 2 1 – 3 2 – 3 
p-value p = 0.006 
thus 
p ≤ 0.05 
p = 0.041 
thus 
p ≤ 0.05 
p = 0.940 
Thus 
p > 0.05 
 
The non-parametric Mann-Whitney test was used to determine between which groups the changes 
occurred. Between Groups 1 and 2 the p-value was less than 0.05 (p = 0.006) indicating a statistical 
significant difference between these two groups at the seventh visit. Between Groups 1 and 3 the p-
value was again less than 0.05 (p = 0.041) indicating a statistically significant difference at the seventh 
visit. Between Groups 2 and 3, however, the p-value was greater than 0.05 (p = 0.940) indicating no 
statistical significant difference between these two groups at the seventh visit.  
 
This concludes the results chapter. The following chapter will discuss these results and provide 
possible reasons for the changes demonstrated.  
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Chapter five will discuss the results presented in chapter four. 
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CHAPTER FIVE – DISCUSSION 
 
5.1 Introduction 
 
The purpose of this study was to determine whether chiropractic manipulative therapy to the thoracic 
spine combined with Kinesio® taping of the rhomboid muscle group has an additive effect in reducing 
postural kyphosis. Also, this study contributed more evidence on the efficacy of Kinesio® Tape in the 
treatment of postural kyphosis, as well as to investigate whether chiropractic manipulation alone is an 
effective treatment for the condition.  
 
The study consisted of 30 participants broken up into 3 groups of 10: 
 Group 1 received Chiropractic manipulative therapy to the restricted thoracic spine segments 
 Group 2 received Kinesio® tape applied to the Rhomboid muscle group  
 Group 3 received Chiropractic manipulative therapy to the restricted lower cervical and upper 
thoracic spinal segments as well as Kinesio® Tape applied to the rhomboid muscle group after 
the manipulation 
 
This chapter includes a discussion of the results of the study with reference to chapter four as well as 
reference to the aim of the study described in chapter one. The results of the statistical analysis in 
terms of intra-group and inter-group analysis will also be discussed.  
 
The above results were obtained from: 
 Demographic data analysis consisting of age and gender 
 Subjective measurements consisting of lateral plumb line photographs  
 Objective measurements consisting of: 
 Thoracic spine degree of kyphosis 
 Interscapular distance (superior angle) 
 Interscapular distance (middle of medial border) 
 Interscapular distance (inferior angle) 
 Interacromial distance  
 Acromion-C7 distance (right) 
 Acromion-C7 distance (left) 
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The following hypothesis will be referred to: 
1. Chiropractic spinal manipulation, Kinesio® taping and the two therapies combined are all effective in 
the treatment of postural kyphosis. 
2. The combination of the two modalities in the treatment of postural kyphosis is more effective than either 
Chiropractic manipulation or Kinesio® taping alone. 
 
5.2 Demographic data analysis  
 
5.2.1 Age distribution  
 
One of the inclusion criteria for this study is that participants had to be between the ages of 18 and 39. 
This was to limit the risk of degenerative changes having occurred in the cervical and thoracic spine 
(Carnes and Vizniak, 2010). All participants were  between the ages of 18 and 29. 
 
5.2.2 Gender distribution  
 
The combined sample group consisted of 14 male and 16 female participants. Each group consisted of 
10 participants. Group 1 consisted of 8 males and 2 female participants. Group 2 consisted of 3 male 
and 7 female participants. Group 3 consisted of 3 male and 7 female participants.  
 
5.3 Subjective data analysis  
 
5.3.1 Lateral plumb line photograph  
 
Analysis of the lateral plumb line photographs taken of each participant at the first visit, prior to 
treatment, and at the seventh visit gives a visual indication of any changes to the participant’s posture 
over the three week trial. As there are no measurements associated to the photographs, they are highly 
subjective. However with the use of the vertical plumb line and prominent body land marks such as the; 
pinnae of the ear, acromioclavicular joint, olecranon of the ulnar, the anterior superior iliac spine, the 
knee joint and the lateral malleolus, as well as the graphed paper behind the participant direct 
comparisons can be made between photograph one and two of each participant.  
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These photographs served as secondary measurements to support the findings of the primary 
measurement taken which was the degree of thoracic kyphosis measured with the flexicurve ruler. As a 
result discussion of these photos will be included in support of the thoracic kyphosis changes.  
 
5.4 Objective data analysis  
 
5.4.1 Intra-group analysis  
 
Intra-group analysis serves to study the changes to readings within a specific group. As the degree of 
thoracic kyphosis was the primary measurement taken that will be discussed with reference to the 
remaining 6 secondary measurements as well as the lateral plumb line photographs to support any 
findings. 
 
5.4.1.1 Friedman test  
 
The Friedman test was used to check for changes in the degree of thoracic kyphosis over time within 
each of the three groups. Table 4.5 indicates that there was a statistically significant difference (p ≤ 
0.05) found in all three groups. Group 1 had a p-value of 0.002, Group 2 had a p-value of 0.001 and 
Group 3 had a p-value of 0.000. This indicates a change between visit one and visit seven in each of 
the three groups. This pattern is also observed in all 6 secondary measurements with all three groups 
having a p-value less than 0.05 for each measurement. These values can be seen in tables: 4.12, 4.19, 
4.27, 4.34, 4.41 and 4.49. This is also reinforced by the improved standing posture observed on the 
lateral plumb line photographs taken at the first and seventh visits for the three groups.  
 
5.4.1.2 Wilcoxon signed rank test  
 
The Wilcoxon signed rank test was then used to further investigate at which point in the three week trial 
the changes occurred. 
 
Table 4.6 shows that in Group 1 there was a statistically significant change in the degree of thoracic 
kyphosis (p ≤ 0.05), both between visits 1 and 4 and between visits 1 and 7. This indicates that the 
change in the degree of thoracic kyphosis occurred over the full three week trial period in this group. 
For visits 1 to 4 the p-value was 0.037 and for visits 1 to 7 the p-value was 0.009. 
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When looking at the secondary measurements no clear pattern can be observed in the first group. Two 
of the three interscapular measurements, superior angle of the scapula (table 4.13) and middle of 
medial border of the scapula (table 4.20), have p-values of less than 0.05 noted between visits 1 and 4 
as well as 1 and 7. This is again seen for the interacromial distance (table 4.35) indicating that these 
three measurements, like the degree of thoracic kyphosis, changed gradually over the seven visits. 
However, the remaining three secondary measurements, inferior angle of the scapula (table 4.28) as 
well as acromion-C7 on right (table 4.42) and left (table 4.50), all had statistically significant changes (p 
≤ 0.05) only between the first and seventh visit suggesting that any changes in these measurements for 
Group 1 took place in the second half of the trial. 
 
Table 4.6 shows that in Group 2 there was no statistically significant change in the degree of thoracic 
kyphosis (p > 0.05), between visits 1 and 4, however, there was a statistically significant change (p ≤ 
0.05) between visits 1 and 7. This indicates that the change in the degree of thoracic kyphosis occurred 
in the second half of the trial period in this group. For visits 1 to 4 the p-value was 0.059 and for visits 1 
to 7 the p-value was 0.017. When the 3 interscapular measurements for Group 2 are looked at together 
(Superior angle of the scapula (table 4.13), middle of medial border of the scapula (table 4.20) and the 
inferior angle of the scapula (table 4.28)) a similar pattern is observed with no statistically significant 
change (p > 0.05) being observed between visits 1 and 4. The changes for these three measurements 
came between visits 1 and 7 in this group with all three measurements having a p-value lower than 
0.05 indicating, again, that the changes in Group 2 occurred between visits 4 and 7. When looking at 
the 3 remaining measurements, interacromial (table 4.35), and acromion-C7 right (table 4.42) and left 
(table 4.50) the p-values are below 0.05 between visit 1 and 4 as well as 1 and 7 indicating a gradual 
change in these secondary measures over the seven visits. 
 
Table 4.6 shows that in Group 3, as in Group 2, there was no statistically significant change in the 
degree of thoracic kyphosis (p > 0.05), between visits 1 and 4, however, there was a statistically 
significant change (p ≤ 0.05) between visits 1 and 7. This indicates that the change in the degree of 
thoracic kyphosis occurred in the second half of the trial period in this group. For visits 1 to 4 the p-
value was 0.074 and for visits 1 to 7 the p-value was 0.005. When looking at the secondary 
measurements, however, a common theme can be seen between all 6 measurements. The p-values for 
these measurements are below 0.05 between visits 1 and 4 as well as visits 1 and 7. This shows that 
for all the secondary measurements, unlike the primary measurement in this group, the changes 
occurred gradually over the three week trial period instead of in the second half of the trial, between 
visits 4 and 7. These figures can be seen in tables; 4.13, 4.20, 4.28, 4.35, 4.42 and 4.50. 
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5.4.1.3 Intra-group analysis discussion  
 
As seen above the two groups in which Kinesio® tape was applied, Groups 2 and 3, experienced 
changes later in the three week trial period (between visits 4 and 7) whereas in the group that received 
only chiropractic manipulation to the cervical and upper thoracic region, Group 2 experienced changes 
more gradually and were seen taking place over the full three week trial period. This is consistent with 
the findings of Smith, Smith and Walsh (2008) that found an immediate improvement in the running 
posture of patients after receiving chiropractic manipulation. A similar result was documented by 
Hedlund, Lenz, Nilsson and Sundberg in 2013 when testing the effects on chiropractic manipulation on 
the vertical jump height in young female athletes. These results can be explained by Bergman and 
Peterson (2011) as they describe the positive effects a spinal manipulation has on not only the 
musculoskeletal system but also other neuromusculoskeletal tissues, organs function, tissue pathology 
and symptom complexes. If the afferent sensineural input to a specific muscle is increased, in this case 
via a Chiropractic manipulation to the level of that muscles innervation, it stands to reason that the 
muscle in question will function at a more optimal level and in doing so perform its function more 
effectively. In this case that muscle is the rhomboid muscle and the resultant increase in function may 
have resulted, directly, in an improved posture of the said individual. 
 
In the remaining two groups (Group 1 and Group 3) application Kinesio® tape to the rhomboid muscle 
group formed part of the treatment protocol. In both of these groups the changes in the degree of 
thoracic kyphosis were noted later in the trial period (between visits 4 and 7) with no statistically 
significant changes being seen between the first four visits. In a study on the impact of Kinesio® tape 
applied to the forearm on maximal grip strength a similar result was found with little difference to the 
strength of the participant’s maximal grip being documented in the initial visits (Chang, Chou, Lin, Lin 
and Wang, 2010). The mechanism for the delay in the effect of the tape on its target muscle is unclear 
but it is strong enough to override the normally immediate effect of the Chiropractic manipulation. This 
phenomenon is observed in Group 3 where both Chiropractic manipulation as well as Kinesio® tape 
were delivered to the participants. In this group we see the same pattern of results seen in the Group 2 
(Kinesio® tape only) with changes only occurring later in the trial instead of steadily throughout the 
three week period as would be expected when a chiropractic manipulation is being delivered as in 
Group 1 (chiropractic manipulation only). 
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5.4.2 Inter-group analysis  
 
Inter-group analysis serves to study the changes noted between the three groups. As the degree of 
thoracic kyphosis was the primary measurement taken, that will be discussed with reference to the 
remaining 6 secondary measurements as well as the lateral plumb line photographs to support any 
findings. 
 
Figure 4.7 indicates that the thoracic spine degree of kyphosis mean for Group 1 decreased by 15.34%, 
in Group 2 it decreased by 15.54% and in Group 3 it decreased by 21.02%. These changes were 
supported by the 6 secondary measurements that all experienced the greatest improvements in the 
third group. The three interscapular measurements, superior angle of the scapula (figure 4.8), middle of 
medial border of the scapula (figure 4.9) and the inferior angle of the scapula (figure 4.10), improved by 
15.5%, 12.7% and 12.49% respectfully these improvements were far greater than those in groups one 
and two for these measurements.  
 
5.4.2.1 Kruskal-Wallis test  
 
The Kruskal-Wallis test in table 4.7 shows that baseline readings of the degree of thoracic kyphosis had 
a p-value greater than 0.05 (p = 0.259), therefore the three groups were comparable at the first visit. 
This is important as it means that all three groups started on a similar level and therefore can be 
directly compared to each other throughout the three week trial period. This pattern rang true through 
all seven measurements, including the 6 secondary measurements. The p-values for all the secondary 
values were greater than 0.05, these can be seen in tables 4.14, 4.21, 4.29, 4.36, 4.43 and 4.51.  
 
At visit 4 the p-value remained above 0.05 (p = 0.054) indicating that there was no statistically 
significant difference in the degree of thoracic kyphosis of the three groups at this stage (table 4.7). 
This was supported by similar findings in the interacromial distance readings (table 4.36), at visit four 
the p-value was greater than 0.05 (p = 0.071) indicating no statistically significant difference at the 
fourth visit for this measurement. 
 
By visit seven the p-value for the degree of thoracic kyphosis (table 4.7) had dropped below 0.05 (p = 
0.026) indicating that there was a statistically significant difference between the three groups at the end 
of the trial for this measurement. This finding was supported by four of the six secondary 
measurements. The p-value for the middle point of the medial border of the scapula at visit seven (table 
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4.21) was less than 0.05 (p = 0.039), for the interacromial distance at visit seven (table 4.36) the p-
value was less than 0.05 (p = 0.030) and for the acromion-C7 right and left at visit seven the p-value 
was less than 0.05 (p = 0.034)(p = 0.021), all showing a statistically significant difference between the 
three groups at the final visit. 
 
5.4.2.2 Man-Whitney test 
 
The Man-Whitney test was then performed to ascertain between which groups the change occurred at 
visit seven. Table 4.8 shows a statistically significant difference (p ≤ 0.05) between Groups 1 and 2 (p 
= 0.043) as well as between Groups 1 and 3 (p = 0.011) at this visit. Between Groups 2 and 3, 
however, the p-value was greater than 0.05 (p = 0.481) indicating no statistically significant difference 
between these two groups at visit seven. These findings were supported by the secondary measures. 
Table 4.23 shows statistically significant differences (p ≤ 0.05) measured between the middle of the 
medial borders of the scapulae between Groups 1 and 2 (p = 0.028) and Groups 1 and 3 (p = 0.034) 
but not between groups 2 and 3 (p = 0.472). Table 4.37 shows statistically significant differences (p ≤ 
0.05) measured between the two acromioclavicular joints between Groups 1 and 2 (p = 0.006) and 
Groups 1 and 3 (p = 0.082) but not between Groups 2 and 3 (p = 0.762). Table 4.45 shows statistically 
significant differences (p ≤ 0.05) measured the spinous process of C7 and the right acromioclavicular 
joint between Groups 1 and 2 (p = 0.031) and Groups 1 and 3 (p = 0.021) but not between Groups 2 
and 3 (p = 0.850). Table 4.53 shows statistically significant differences (p ≤ 0.05) measured between 
the spinous process of C7 and the left acromioclavicular joint between Groups 1 and 2 (p = 0.006) and 
Groups 1 and 3 (p = 0.041) but not between Groups 2 and 3 (p = 0.940).  
 
5.4.2.3 Inter-group analysis discussion 
 
As discussed in chapter two, postural kyphosis has many different components to it. One of the main 
causes of postural kyphosis is a musculature imbalance in the upper thoracic region and chest girdle 
(Green, Lewis and Wright, 2005). In the past these muscle imbalances have been treated with a 
combination of muscle strengthening and / or stretching (Itoi and Sinaki, 1994) as well as ergonomic 
advice given to the patient (Ali et al., 2004). Both of these treatment protocols can, potentially, be faced 
with compliance issues. This study aimed to investigate the effectiveness of the use of chiropractic 
manipulation to the lower cervical and upper thoracic region, Kinesio® tape applied to the rhomboid 
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muscle group and a combination of these two treatments as a replacement for the previous gold 
standard of treatment and in doing so alleviate the need for patient compliance. 
Kalichman, Lumbroso, Vered and Ziv (2013) found that application of Kinesio ® Tape had a marked 
effect on the peak force generated by muscles as well as the tonicity of that muscle. Gillette (2002) 
stated that spinal manipulation may, similarly, create both a short and long term tonic response in a 
muscle resulting in a similar response. These two responses may help to explain the results of the 
study when these two treatments, as well as a combination of the two, were applied to 30 participants 
over a three week trial. 
 
It was evident from the results that the participants in the three groups responded well to their 
respective treatment protocols. The results of the study suggest that the two therapies combined 
improved the postural kyphosis most within the treatment period when compared to the two therapies 
applied individually. The primary objective measurement examined was that of the degree of thoracic 
kyphosis. In Group 1 and 2 the mean degree of thoracic kyphosis decreased by 15.34% and 15.54% 
respectfully. When the two therapies were combined, in Group 3, the mean degree of thoracic kyphosis 
came down by roughly a further 6% to 21.02%.  
 
The improvements within the two groups where only one therapy was applied can be explained by the 
benefits of each therapy individually. In Group 1 only Chiropractic manipulation was delivered to the 
lower cervical and upper thoracic spine. Bergmann and Peterson (2011) found that a Chiropractic 
manipulation, when applied to a specific segment, simultaneously activates both superficial and deep 
somatic mechanoreceptors, proprioceptors and nociceptors increasing the sensory input from that 
specific nerve root level. This has a positive effect on the tonicity of the muscles supplied by that same 
root level and increases the tone of said muscles. With an increase in the tonicity of the correct muscles 
the positioning of both the thoracic and cervical spine as well as the upper limb anatomy will be 
improved, thus improving the posture of that individual. The rhomboid muscles take their innovation 
from the C4 and C5 nerve roots (Moore and Dalley, 2006) and also have spinal involvement in their 
origins as they originate from C7 and T1 (minor) as well as T2 to T5 (major). All of these levels were 
adjusted in Groups 1 and 3 and thus these participants potentially benefited from the above mentioned 
mechanisms. Even though the participants in Group 1 had no Kinesio® tape applied to their rhomboid 
muscles they still received the indirect stimulation via the Chiropractic manipulation. This could explain 
the improvement documented in these individuals. Similarly, in Group 2 only Kinesio® tape was applied 
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to the rhomboid muscles. This group reflected a very similar improvement in mean degree of thoracic 
kyphosis to that of Group 1 only differing by 0.20%. Kalichman et al. (2013) found that muscle that had 
Kinesio® tape applied correctly to it had an increased tonicity. This, in a similar way that the muscle 
affected by the manipulation, causes an improvement of the vertebral positioning as well and the 
positioning up the upper limb anatomy therefore improving posture. 
 
Below are examples of the changes observed in the lateral plumb line photographs in each group 
(Appendix O). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
    Figure 5.1: Lateral image             Figure 5.2: Lateral image 
             (participant in Group 1, visit 1)         (participant in Group 1, visit 7) 
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        Figure 5.3: Lateral image               Figure 5.4: Lateral image 
    (participant in Group 2, visit 1)       (participant in Group 2, visit 7) 
 
 
 
 
 
 
 
 
 
 
 
 
 
       Figure 5.5: Lateral image                  Figure 5.6: Lateral image 
   (participant in Group 3, visit 1) (participant in Group 3, visit 7) 
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Chapter six will discuss the conclusion of this study and provide recommendations pertaining to this 
study. 
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CHAPTER SIX – CONCLUSION AND RECOMMENDATIONS 
 
6.1 Conclusion  
 
The study comprised of thirty participants, all of which were diagnosed with postural kyphosis after 
clinical and physical examination. 
 
The participants were randomly allocated into three treatment groups of ten participants each. Group 1 
received Chiropractic spinal manipulation to restriction(s) of the cervical and upper thoracic regions 
only. Group 2 received Kinesio® Taping to the rhomboid muscle group only. Group 3 received the 
combination of Chiropractic spinal manipulation and Kinesio® taping as previously described. 
 
The study was done with regard to the degree of thoracic kyphosis with six secondary measurements, 
namely; interscapular distance (superior angle), interscapular distance (middle of medial border), 
interscapular distance (inferior angle), interacromial distance and cromion-C7 distance on each side. 
Lateral plumb line photographs were also taken as part of the secondary measurements. The degree of 
thoracic kyphosis was calculated by the use of a flexicurve ruler and calculated using a set algorithm 
(Appendix J). Subjective and objective data collection was done prior to each treatment but only the 
measurements taken before the first, fourth and seventh treatments were analysed. 
 
It is evident from the data that the participants in each of the three groups responded well to their 
respective treatment protocols. With regard to the subjective measurements, namely the lateral plumb 
line photographs, participants demonstrated significant improvements between the first and seventh 
visits. It is visible that in all three groups, the land marks used to observe the positioning of the relevant 
anatomy, i.e.: the pinnae of the ear, the acromion process, the lateral epicondyle of the humerus, the 
lateral margin of the knee joint and the lateral malleolus of the ankle, move closer to the plumb line as 
the trial progressed. As these photographs were only designed as secondary measures they served 
only to support the findings of the changes in the degree of thoracic kyphosis.  
 
Regarding the objective measurements, namely the degree of thoracic kyphosis, as a primary measure, 
and the interscapular distance (superior angle), interscapular distance (middle of medial border), 
interscapular distance (inferior angle), interacromial distance and acromion-C7 distance on each side 
as secondary measures, Groups 1, 2 and 3 all demonstrated statistically significant reductions. Out of 
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the three groups Group 3’s degree of thoracic kyphosis improved by 21.02%, this is 5.48% more than 
the next best group, Group 2 at 15.54%. These findings were supported by those of the six secondary 
measures. Group 3’s interscapular distance measured between the superior angles of the scapulae 
improved by 15.5% over the 10.63% and 8.23% of Groups 1 and 2 respectfully. Group 3’s interscapular 
distance measured between the middle of the two medial borders of the scapulae improved by 12.73% 
where Group 1 decreased by 6.07% and Group 2 by 9.4%. In the final interscapular distance 
measurement, measured between the two inferior angles of the scapulae, Group 3 decreased by 
12.49%, Group 1 by 6.34% and Group 2 by 8.39%. For the decrease of the interacromial distance 
Group 2 showed the greatest improvements at an 11.8% compared to that of Group 1 at 6.59% and 
Group 3 at 8.34%. This remained the case for the final two secondary measures. Group 2, again, 
showed the greatest improvements for acromion-C7 distance on the right hand side decreasing by 
22.28% for Group 2 as appose to that of Group 1 at 7.27% ad Group 3 at 10.78%. For the same 
measurement on the left hand side Group 2 improved by 13.28%, Group 1 by 7.34% and Group 3 by 
8.74%. The final three secondary measurements indicate that Kinesio® tape, although not as effective 
in decreasing the degree of thoracic kyphosis alone, is more effective causing the retraction the 
scapulae when applied to the rhomboid muscle group in isolation (Group 2).  
 
As a whole, when looking at the improvement of the postural kyphosis of the participants, it is clear that 
a combination of Chiropractic manipulation to the cervical and upper thoracic regions as well as the 
application of Kinesio® tape to the rhomboid muscle group is the most beneficial treatment protocol.  
 
6.2 Recommendations  
 
To further improve the results that were obtained in the study, the following recommendations can be 
used: 
 When placing participants into their respective groups, it is recommended that the researcher 
ensures that equal numbers of males and females are allocated to the different groups, 
because gender differences could affect the study 
 When placing the participants into different groups, the researcher should also adequately 
distribute the participants so that age difference is equally shared between the groups 
 Larger sample sizes in the different groups may reveal the results to be more statistically viable 
 Include an extra follow-up assessment one month after the last treatment to determine the 
longer term effects of the treatments  
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 A long term study as the results indicated that the groups may continue to improve and had not 
yet achieved maximum benefit 
 Different techniques of Kinesio® taping may be compared to each other as each technique has 
a different effect on the body 
 Different posterior musculature being taped, eg. mid trapezius or levator scapulae muscle 
 Antagonistic anterior musculature, eg. pectoralis major and/or minor, being taped in an 
inhibitory manor in addition to the posterior musculature  
 Antagonistic anterior musculature, eg. pectoralis major and/or minor, being taped in an 
inhibitory manor instead of taping the posterior musculature  
 Pre and post application measurements may be helpful to indicate an immediate effect 
 A study to investigate the effects of Kinesio® taping and Chiropractic spinal manipulation on 
muscle strength  
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APPENDIX B 
Advertisement 
Unhappy With Your Posture? 
 
 
 
 
 
 
 
Spend too much time sitting at your computer working or desk studying? 
Spend hours sitting in your car traveling? 
Don’t get to gym as often as you would like to or don’t know how to properly 
strengthen your back? 
If you are between the ages of 18 and 39 years old, you may take part in a 
research study aimed at improving poor posture! 
 
If interested please call 
Matthew Franzsen: 084 256 7723 or the UJ Chiropractic Clinic: 011 559 6495 
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APPENDIX C  
Information Form 
 
 
 
 
DEPARTMENT OF CHIROPRACTIC 
INFORMATION FORM 
 
I, Matthew Franzsen, hereby invite you to participate in my research study entitled “A comparison between 
chiropractic manipulation and Kinesio® Taping and the combination thereof on postural kyphosis”. I am currently 
a Chiropractic student, completing my Masters Degree at the University of Johannesburg.  
 
The aim of this study is to determine what treatment, if any, will improve a increased thoracic kyphosis. The three 
treatments being compared are Chiropractic manipulation, Kinesio® Taping and a combination of Chiropractic 
manipulation and Kineseo Taping. 
 
This study will consist of 30 participants. Once you have met all the inclusion criteria you will be considered to 
take part in the research study. You will have a full case history and a physical examination taken. Your posture 
(kyphosis) will be measured and you need to fit the range of kyphosis (curvature of your thoracic spine) for your 
specific age group. There will be 3 groups (each group will have 10 participants). You will be placed into one of 3 
groups. This will be done by drawing a piece of paper from a box with a group number on it. Group 1 will only 
receive chiropractic manipulative therapy to the thoracic spine. Group 2 will receive Kinesio Tape applied to the 
Rhomboid muscle group. Group 3 will receive chiropractic manipulation to the thoracic spine as well as Kinesio 
Tape applied to the Rhomboid muscle. This will only be done once you have read and signed the information 
and consent forms. Each participant will be treated twice a week for 3 weeks with a seventh consultation in which 
only measurements will be taken.  
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Lateral view photographs of your thoracic spine will be taken. You will also have a set of secondary 
measurements on the first and seventh consultation. The photographs will only be used as a visual tool to 
evaluate whether the overall posture of the groups had improved.  
 
Chiropractic manipulations to your thoracic spine involves the restoration of normal joint motion. Abnormal joint 
motion will be detected by the researcher via motion palpation. Kinesio Tape® is a elastic tape that helps to 
improve the patients awareness and therefore activation of the Rhomboid Muscles, this is done through 
increased proprioceptive input from the tape over the muscles. The tape involves no additional involvement from 
the participant.   
 
Participants will be recruited via word of mouth and by advertisements placed within and around the Chiropractic 
Clinic at Doornfontein Campus. 
 
Potential benefits that you may get by taking part in this study include: a decrease in your bad posture which 
then improve your body image thereby leading to improved confidence and better quality of life. With proper 
posture will come better biomechanics of the spine and shoulder girdle leading to a decrease in pain and/or 
prevention of future pain occurring in this region. 
 
The research study will take place at the University of Johannesburg Chiropractic Day Clinic. Your privacy will be 
protected as only you, the doctor and clinician will be in the treatment room. Your anonymity will be ensured as 
your personal information will be converted into data and therefore cannot be traced back to you. Standard 
doctor/patient confidentiality will be adhered to at all times when compiling the research dissertation.   
 
This clinical study has been submitted to the University of Johannesburg, Faculty of Health Sciences Higher 
Degrees Committee (HDC). A written approval has been granted by this committee. Participation is entirely on a 
voluntary basis; should you decide to withdraw at any stage you may do so and it will not cause you any harm.  
 
UJ Ethic’s clearance number:       HDC63 - 01 - 2013        
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My study will be supervised by Dr. C. Bester  and Dr. S. Lawson. Their details are listed below should you have 
any queries regarding this study. 
 
Researcher:     Matthew Franzsen         mattfranzsen@hotmail.com  
Supervisor:      Dr. C. Bester   charmaineb@uj.ac.za  
Co-supervisor: Dr. S. Lawson               drlawson@morningsidechiro.co.za  
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APPENDIX D  
Consent Form 
 
 
 
DEPARTMENT OF CHIROPRACTIC 
CONSENT FORM 
 
Participation is entirely on a voluntary basis. Should you decide to withdraw at any stage you may do so without 
giving any reason and it will not cause you any harm. Should you have any questions regarding the study, they 
will be answered. 
 
I have fully explained the procedures and their purpose. I have asked whether or not any questions have arisen 
regarding the procedures and have answered them to the best of my ability. 
 
All information obtained during the study will be protected by anonymity and kept strictly confidential. Should the 
data be published in a scientific journal, it will not mention you as a participant in the study. 
 
I  _________________________________________ hereby certify that I have been informed about the nature, 
conduct, risks and benefits of the study entitled “A comparison between chiropractic manipulation and Kinesio 
Taping and the combination thereof on postural kyphosis”. I have read and understood the Patient Information 
Form and Informed Consent regarding the study. I fully understand that this study is voluntary based, and I may 
at any stage withdraw my participation from the study. I have had the opportunity to ask the researcher any 
questions regarding the study as well as been given contact details of the supervisors of the study to contact 
should I have any queries regarding the study. I am aware that the study will ensure anonymity (all personal 
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details such as age, sex, date of birth, photographs taken and diagnosis will be anonymously processed) and my 
identity will be kept secret. 
 
Signed at _______________________________ this _________ day of _____________ 2013 
 
Signature of research participant: ______________________________ 
 
I, Matthew Franzsen, herewith confirm that the above participant has been informed about the nature, risks and 
benefits of the above study. 
 
Signed at _______________________________ this _________ day of _____________ 2013 
 
Signature of researcher: ______________________________ 
 
Researcher:     Matthew Franzsen         mattfranzsen@hotmail.com 
Supervisor:      Dr. C. Bester    charmaineb@uj.ac.za 
Co-supervisor: Dr. S. Lawson               drlawson@morningsidechiro.co.za 
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APPENDIX E 
 
Tables of minimum and maximum normal ranges for age group, gender specific, angles of thoracic 
kyphosis 
 
 
 
Table 1: Degree of kyphosis for women by age (Fon et al. 1980) 
 Kyphosis (°) 
Age 
(years) 
Minimum Maximum 
2-9 8 36 
10-19 11 41 
20-29 7 40 
30-39 10 42 
40-49 21 50 
50-59 22 53 
60-69 34 54 
70-79 30 56 
 
 
 
Table 2: Degree of kyphosis for men by age (Fon et al. 1980) 
 Kyphosis (°) 
Age 
(years) 
Minimum Maximum 
2-9 5 40 
10-19 8 39 
20-29 13 48 
30-39 13 49 
40-49 17 44 
50-59 25 45 
60-69 25 62 
70-79 32 66 
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APPENDIX F:  
 
Exclusion Criteria 
Contra-indications to Spinal Manipulative Therapy (Gatterman,2004) 
  1. Vascular complications 
 Vertebral-basilar insufficiency 
 Atherosclerosis of major blood vessels 
 Aneurysms 
2. Tumours 
 Lung 
 Thyroid 
 Prostate 
 Breast 
 Bone 
3. Bone infections 
 Tuberculosis 
 Bacterial infection (osteomyelitis) 
4. Traumatic injuries 
 Fractures 
 Joint instability or hypermobility 
 Severe sprains or strains 
 Unstable spondylolisthesis 
5. Arthritis 
 Ankylosing spondylitis 
 Rheumatoid arthritis 
 Psoriatic arthritis 
 Reiter’s syndrome 
 Osteoarthritis (unstable or late stage) 
 Uncoarthrosis 
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6. Psychological considerations 
 Malingering 
 Hysteria 
 Hypochondriasis 
 Pain intolerance 
7. Metabolic disorders 
 Clotting disorders 
 Osteopenia (osteoporosis, osteomalacia) 
8. Neurological complications 
 Sacral nerve root involvement from medial or massive disc protrusion 
 Disc lesions (advancing neurological deficits) 
 Space-occupying lesions 
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APPENDIX G 
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APPENDIX H 
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APPENDIX I 
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APPENDIX J 
 
Flexicurve Measurements and Calculations 
 
 
 
 
 
 
 
 
 
ᶿ  
Figure 1: Method for measuring thoracic kyphosis using the flexicurve (Greendale, 2011) 
 
 
 
 
 
 
 
 
 
Figure 2: Steps involved in measuring and calculating the thoracic kyphosis (Teixeira and Carvalho,2007) 
 
ᶿ 
B: Level of C7 
C: Level of T12 
E: Apex kyphosis height (vertex of the curve) 
L: Length of entire thoracic curve 
= arc tan (E/L1) + arc tan (E/L2) 
(Theta): Flexicurve kyphosis angle 
Step 1: Find and mark C7 and T12 spinous processes 
Step 2: Mould the flexicurve ruler to the participant’s spine from the markings C7 to T12 
Step 3: Trace the curve from the moulded flexicurve ruler to paper 
Step 4: Draw a straight line connecting the C7 and T12 points 
Step 5: Measure the length of E, L1 and L2 
Step 6: Calculate the angle of kyphosis using: Theta= arc tan (E/L1) + arc tan (E/L2) 
123 
 
 
Figure 3: A: Demonstrating step 1 with marking the spinous process of C7 and T12. B: Demonstrating step 2 with 
woulding the flexicurve along the participant’s spine from C7 to T12 markings (Teixeira and Carvalho,2007). 
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APPENDIX K 
 
Secondary Measurements. 
3 sets of additional measurements to further monitor the rounded shoulder position of the patient will be taken  
1. Three interscapular measurements taken between the two medial borders of the scapula. 
a. Between the two superior angles of the Scapulae 
b. Between the two inferior angles of the Scapulae  
c. At the midpoint between these two points 
 
 
 
 
 
 
 
2. An  interacromial distance. This will be measured between the right and left acromiclavicular 
joints. 
 
 
 
 
 
 
3. A spinoacromial distance. This will be measured between one acromoclavicular joint and the tip 
of      the C7 spinous process. This distance will be measured on both the right and the left. 
 
 
 
 
 
 
 
Fig 1: Secondary 
measurement 1a 
Fig 2: Secondary 
measurement 1b 
Fig 3: Secondary 
measurement 1c 
Fig 4: Secondary 
measurement 2 
Fig 5: Secondary 
measurement 3 
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APPENDIX L 
Personal Evaluation Form: 
PERSONAL EVALUATION FORM 
Patient number:  
File number:                                                                                                
Group:     
 
Please place X over the correct block:  
(As by statistician’s request the age and race has been included for statistical analysis.) 
 Age:  
18- 29 years old 
30- 39 years old                          
Race: 
African  
Coloured  
Asian  
White  
Other  
 
 
 
 
 
 
 
Consultation No. Measurement 
(STATKON) 
Angle of 
kyphosis 
1 1  
4 2  
7 3  
Cosultation 
No. 
Measurement 
(STATKON) 
Inter 
Scapular 
(superior 
angle) 
Inter 
Scapular 
(middle 
of medial 
border) 
Inter 
Scapular 
(inferior 
angle) 
Inter 
Acromial 
Acromion/ 
C7 (Right) 
Acromion/ 
C7 (Left) 
1 4       
2 5       
3 6       
4 7       
5 8       
6 9       
7 10       
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APPENDIX M 
 
Postural Advice  
 Sitting Posture (Anon, 2008) 
o It is important to have a good supported chair - this consists of having a chair that supports 
your lower back. Ensure that your buttock is situated at the back of the chair. A lumbosacral 
support may be placed in the hollow area of your lower back 
o Your shoulders must be held back (retract your scapulae) 
o Tuck your chin in slightly 
o Ensure that your knees are at the same level as your hips (you may use a footrest to ensure 
this) 
 Sitting posture in front of a computer (Tinsley, 2012),(Anon, 2012) 
o Ensure that the chair height has been adjusted so as when you type your wrists and forearms 
are straight and level with the floor 
o Your elbows should form an L-shape at the elbow joint  
o The computer screen should be directly in front of you about an arm’s length away from where 
you are sitting 
o The top of the computer screen should be eye level 
 Standing posture (Tinsley,2012)  (Anon, 2008) 
o Retract your shoulders, make sure your chest is out, chin is forward, tuck your stomach in to 
increase balance 
 Walking posture (The Realbuzz Group, 2013) 
o Make sure you look straight ahead and your head is level 
o Contract your Rhomboids - retract your scapulae i.e. pull your shoulders back 
o Tuck your stomach in so as to activate your core muscles. This will help keep your body stable 
 Lying (sleeping) posture (Tinsley, 2012), (Anon, 2008) 
o Lie on your back with a well-supported pillow for your neck 
o You may put a pillow under your knees to support them (also helps increase comfort) 
o If you prefer to sleep in a recumbent position, it is best to try and lie as flat as possible and 
avoid sleeping in the foetal position. You may place a pillow between your legs for comfort 
o Sleeping on your stomach is not recommended due to the stress it places on your neck 
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APPENDIX N 
 
Kinesio® taping of the rhomboid muscle group 
 Cut two pieces of tape approximately 15cm in length. 
 Cut each piece into an “X” by cutting two 4cm slits in each of the ends. 
 All of the corners are then rounded. 
 Apply the anchor over the origins of rhomboid major and minor, C7 – T5, with no tension in the tape. 
 
 
Figure 1: Kinesio® Tape being applied to the right hand side 
rhomboid muscle group.  
 
 
 With the patient siting with the scapulae protracted stretch the tape with approximately 30% stretch 
along the bellies of the two muscles running parallel to the fibres. 
 Apply the tails of the tape with no stretch over the insertion of the muscles, ie, the medial boarder of the 
scapulae. 
 
 
Figure 2: Kinesio® Tape applied to the right hand side 
rhomboid muscle group.  
 
 
 
 Activate the adhesive by rubbing over the tape. 
 Repeat on opposite side. 
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APPENDIX O 
 
 
 
KEY: E = EVALUATION           
          GROUP:    1 = ADJUSTMENT         
                            2 = KINESIO TAPING         
                            3 = ADJUSTMENT + KINESI TAPING  
       
          GENDER:  1 = MALE    
                             2 = FEMALE  
The first column of each series (Bolder color) represents the main measurement and was only taken 3 times over the trial 
period, at the 1st, 4th and 7th visits = ANGLE OF THORACIC KYPHOSIS 
The remaining 6 measurements are secondary measurements and were taken at each visit.    
    
             
 
 
 
 
 
 
FILE NUMBER GROUP GENDER E1 (ANGLE OF THORACIC KYPHOSIS)E1 (INTER SCAPULAR (SUPERIOR ANGLE))E1 (INTER SCAPULAR (MIDDLE OF MEDIAL BORDER))E1 (INTER SCAPULAR (INFERIOR ANGLE))E1 (INTER AC OMIA )E1 (ACROMION/C7 (RIGHT))E1 (ACROMION/C7 (LEFT))
1 1 2 23.78 14 14 15 32.5 16.5 17.5
2 1 1 26.5 16.5 16.5 17 43.9 22 22.5
3 1 1 32.33 19 17.5 17 39.3 21.5 19.5
4 1 1 26.52 21 23.1 24 46.9 26 25.5
5 1 1 28.78 20 20.9 22 40.5 20 21.5
6 1 2 19.07 15.9 16.2 17.5 34.6 17 17.7
7 1 1 31.7 20 19.5 18 39 20 20.2
8 1 1 32.36 15.4 16 15 39.3 20.2 19
9 1 1 19.32 17.5 18 19.5 39.3 19.6 19.7
10 1 1 16.45 19.5 19.5 20 42.2 22 20
1 2 1 15.56 18 16.5 16 41 20.4 21
2 2 2 20.32 12.5 13 16 33.2 17 17
3 2 2 22.32 18 17 16.5 38 19 19
4 2 2 19.5 16.5 17.2 17.7 37.8 18.7 18.2
5 2 2 20.68 12.2 13.1 15.2 33.8 17.5 17.5
6 2 1 29.34 15 16.3 18.1 39.8 21.1 20.3
7 2 2 21.93 17.5 17.3 15.7 35.5 18 18.5
8 2 2 24.9 16.5 17 17.5 36.2 17.9 18.5
9 2 1 20.46 16.1 16.2 17.9 39.8 18.5 20.5
10 2 2 23.12 14.5 16 16.2 32.6 16.3 16.9
1 3 2 21.13 16.2 17 17 36.7 18.2 17.8
2 3 1 21.88 18.2 17.1 17.2 39.3 20 20.5
3 3 2 23.76 17 18.1 18.2 34.9 17.9 17.8
4 3 2 18.38 12.5 13 14.2 32.8 16.7 15
5 3 1 20.72 22.4 23 23.3 46.6 24.5 23.9
6 3 2 21.65 15.5 16.5 18.1 34 17.9 16.7
7 3 2 26.75 16 16.5 14 35 18.9 17.6
8 3 2 21.65 13.9 14.1 14 33.2 17.1 16.1
9 3 1 21.43 19.5 20.5 22 42.6 21.9 21.9
10 3 2 22.93 12 13 14.2 31.9 15.2 15.7
129 
 
 
KEY: E = EVALUATION           
          GROUP:    1 = ADJUSTMENT         
                            2 = KINESIO TAPING         
                            3 = ADJUSTMENT + KINESI TAPING  
       
          GENDER:  1 = MALE    
                             2 = FEMALE  
The first column of each series (Bolder color) represents the main measurement and was only taken 3 times over the trial 
period, at the 1st, 4th and 7th visits = ANGLE OF THORACIC KYPHOSIS 
The remaining 6 measurements are secondary measurements and were taken at each visit. 
 
E2 (ANGLE OF THORACIC KYPHOSIS)E2 (INTER SCAPULAR (SUPERIOR ANGLE))E2 (INTER SCAPULAR (MIDDLE OF MEDIAL BORDER))E2(INTER SCAPULAR (INFERIOR ANGLE))E2 (INTER AC OMIAL)E2 (ACROMION/C7 (RIGHT))E2 (ACROMION/C7 (LEFT))
23.09 13.2 13.5 13.6 32.2 17.2 18.2
25.21 17.8 17.5 17 40.6 20.5 20
30.79 18 17.5 17.5 38.5 21.5 20.5
21.2 21 22 25 36.5 25.5 24
25.22 19.5 20 21 42.4 21.9 21.9
17.35 13.5 14.5 16.7 33 16.8 16.7
26.85 20 19.6 17.8 38.7 20 20.1
29.24 15 16 14.5 39 20.1 18.7
19.96 15.6 16.8 17.5 39.2 19.6 19.8
19.43 18.8 19.2 21 42.1 21.4 21
19.85 17 16 15.7 40.6 20 20.5
19.59 12 12.6 15 32.1 16.8 16.6
18.67 16.5 16 15.5 36.7 19 17.8
16.3 16.2 17 17.2 36.2 17.3 17.8
20.01 11.6 11.2 14.3 32.4 16.1 16.2
28.07 15.2 16 17.8 39.2 21 19.7
20.47 17.2 17.8 17 35 17.5 18
23.5 15.5 15.5 16.2 35.5 17.9 17.5
15.41 16 16.1 18.5 39.5 18.5 19.5
22.28 14.4 16 16.7 32.6 15.2 15.8
31.6 16.1 16.8 17.1 35.2 18 17.6
15.94 16.7 16.7 16.1 38 19.1 19.1
18.03 14.5 15 15.5 33.9 16.2 16.3
15.91 10.7 11.5 11.7 31.1 16.2 15
18.18 20.9 23.01 23 45.8 24.2 23.1
20.02 14.6 15.1 17.2 32.7 17.5 16.5
19.05 14 14.6 12 31.5 16.2 16.1
19.2 14.5 14 14 32.7 17.1 16.2
16.19 19.1 19.6 20 42.8 20.1 21
22.16 12 13.2 14.1 30.7 15.1 15.7
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KEY: E = EVALUATION           
          GROUP:    1 = ADJUSTMENT         
                            2 = KINESIO TAPING         
                            3 = ADJUSTMENT + KINESI TAPING  
       
          GENDER:  1 = MALE    
                             2 = FEMALE  
The first column of each series (Bolder color) represents the main measurement and was only taken 3 times over the trial 
period, at the 1st, 4th and 7th visits = ANGLE OF THORACIC KYPHOSIS 
The remaining 6 measurements are secondary measurements and were taken at each visit. 
 
E3 (ANGLE OF THORACIC KYPHOSIS)E3 (INTER SCAPULAR (SUPERIOR ANGLE))E3 (INTER SCAPULAR (MIDDLE OF MEDIAL BORDER))E3(INTER SCAPULAR (INFERIOR ANGLE))E3 (INTER AC OMIAL)E3 (ACROMION/C7 (RIGHT))E3 (ACROMION/C7 (LEFT))
19.19 13.5 14.5 14.5 32.6 17.5 17.5
23.04 15.5 16 16.5 39.5 20.1 19.9
25.5 19 17.5 18 38.5 20.5 19.5
17.72 19.5 20 24 45.06 23.5 23.3
23.78 19.7 19.9 21 42.2 21.6 21.6
15.54 15.5 16 17.5 33 17 17.2
26.15 19.6 18 17.5 35.6 21.5 20.5
27.9 15.4 16 17 17.38 21.5 19.6
19.12 15.5 16.5 18 40.1 20.2 20.9
19.43 18 17.7 21 38.6 22.5 19.7
17.76 16.8 16 15.6 39.2 20 20.1
18.79 13 13.2 14.5 32.7 17.8 16.4
16.07 15 14 15.5 35.5 18.5 18.5
15.25 17.5 17 17.6 35.6 17.2 17.5
19.19 13 13.2 13.6 30.1 16.2 16.5
27.34 16.2 17.2 18.3 37 18 18.7
18.15 18 17.1 17.2 34.7 17.2 17.6
18.99 13 13.5 14.5 32.7 16.7 16.7
13.77 16.5 16 17.5 38 18.7 19.6
18.92 15 15.7 16.2 30.8 14.4 15.2
18.21 15.3 16.4 17 35.1 17.8 17.3
15.19 15.5 16.1 16.1 37.2 18.7 18.7
17.25 15.2 16 16.5 33 17.2 17.2
16.73 10.2 11.1 11.9 29.8 14.9 15.6
16.26 20.2 23.1 22.9 42.7 22.9 22.6
20.02 13 13.4 15.6 29.5 15.6 15.6
17.49 11.9 12 13 31.6 16.5 16.2
17.56 11 11.5 12.5 30.9 16.7 16
14.63 18 18.5 20 42.2 20 21.5
20.61 12 12.5 13 30.2 14.5 14.7
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KEY: E = EVALUATION           
          GROUP:    1 = ADJUSTMENT         
                            2 = KINESIO TAPING         
                            3 = ADJUSTMENT + KINESI TAPING  
       
          GENDER:  1 = MALE    
                             2 = FEMALE  
The first column of each series (Bolder color) represents the main measurement and was only taken 3 times over the trial 
period, at the 1st, 4th and 7th visits = ANGLE OF THORACIC KYPHOSIS 
The remaining 6 measurements are secondary measurements and were taken at each visit. 
 
E3 (ACROMION/C7 (LEFT)) E4 (INTER SCAPULAR (SUPERIOR ANGLE))E4 (INTER SCAPULAR (MIDDLE OF MEDIAL BORDER))E4(INTER SCAPULAR (INFERIOR ANGLE))E4 (INTER AC OMIAL)E4 (ACROMION/C7 (RIGHT))E4 (ACROMION/C7 (LEFT))
14.2 14 13.9 32.4 16.6 16.6
15.5 16.5 16.5 39.4 21.5 19.8
18.9 17.4 17.5 37.9 19.3 19.3
19.2 20 23 45.6 43.6 43.2
18.5 19.6 20 41.4 20.5 21.5
15.5 15.9 18 32.6 16.5 16.9
18.5 17.6 17.7 37.9 19.5 19.7
15.1 15.7 17 37 21.2 18.9
16.2 17 17.6 39.6 20.5 20.5
18.6 17.9 21.1 38.4 21.2 21.1
17 17.2 17 39.6 20 20.2
13.2 13.8 14.6 31.9 17.6 16.4
16 16 17 35.2 18.1 18.2
17.2 17 17.7 35.2 17.1 17.1
12.9 13.2 15.2 30 16.1 15.9
15.7 17.9 19 38 18.4 19.2
17.5 17 17.3 34.6 17 17.6
13.8 13.7 14 32.9 16.8 16.8
15.5 16 17.6 38.4 17.3 18.4
14.9 15 15.7 30.6 14.4 14.9
15 16.1 16.8 34.2 16.7 16.5
16.2 15.9 16.4 35.8 19.1 19.2
13.1 13.4 14.7 32.1 16.1 16.1
12.6 12.6 13 29.7 15.8 15.8
22.1 23.1 22.6 43 23.5 24.1
13.2 13.1 16.1 29.2 15.4 15.4
13 12 13.1 32.6 16.1 16.1
12 12.1 13 31.9 16.1 16
16 16.4 18.4 42.1 20.1 20.1
12 13.1 13.8 29.8 14.2 14.5
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KEY: E = EVALUATION           
          GROUP:    1 = ADJUSTMENT         
                            2 = KINESIO TAPING         
                            3 = ADJUSTMENT + KINESI TAPING  
       
          GENDER:  1 = MALE    
                             2 = FEMALE  
The first column of each series (Bolder color) represents the main measurement and was only taken 3 times over the trial 
period, at the 1st, 4th and 7th visits = ANGLE OF THORACIC KYPHOSIS 
The remaining 6 measurements are secondary measurements and were taken at each visit. 
 
 
 
 
E4 (ACROMION/C7 (LEFT)) E5 (INTER SCAPULAR (SUPERIOR ANGLE))E5 (INTER SCAPULAR (MIDDLE OF MEDIAL BORDER))E5(INTER SCAPULAR (INFERIOR ANGLE))E5 (INTER AC OMIAL)E5 (ACROMION/C7 (RIGHT))E5 (ACROMION/C7 (LEFT))
12.5 13 14 32.2 15.9 16.1
14.8 16.2 17 39.8 20.05 20
18.5 18.4 18 40 20.5 19.7
19.2 21 24.2 27.6 23.3 23.7
17.6 18.2 19 38.2 20.5 20.1
15 15.5 16 32.2 16.1 16.2
18.7 17.7 16 37.2 19.2 19
15 16.1 16.9 37.2 21 19
15.9 16.5 18 39.5 19.7 19.7
18.4 17.7 21 38.7 22 21.4
17 17.1 17.2 38.2 19.1 19.9
12.8 13 13.9 30.2 17.1 16
16.7 15.9 16 34.8 17.8 17
16.9 17 17.6 34.9 17 16.9
13 13 14.7 30 15.9 15.8
16 16.1 18.6 36.4 18.1 19.1
17.6 17.6 17.9 34.2 17 17
13.5 13.8 14 32.8 16.6 16.4
14.6 14.8 15 36.4 16.9 17.6
13.6 14.8 15.1 29.6 14 14.6
14 15.1 16.2 33.6 16.8 16.5
14.5 14.2 14.6 36 17.1 17.2
113 14 14.2 32.1 15.9 15.9
12.6 12.6 13.2 30.6 15.5 15.1
21 21 22.1 42.8 21.6 22.4
11.6 11.7 12.2 39 14.5 14.5
12 11.9 12.5 31 16 16.1
12.1 12.1 13.1 31.9 16.7 15.5
17.5 17.9 19.2 39.6 18.4 18.9
11.6 12.6 13.1 30.1 14.8 14.8
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KEY: E = EVALUATION           
          GROUP:    1 = ADJUSTMENT         
                            2 = KINESIO TAPING         
                            3 = ADJUSTMENT + KINESI TAPING  
       
          GENDER:  1 = MALE    
                             2 = FEMALE  
The first column of each series (Bolder color) represents the main measurement and was only taken 3 times over the trial 
period, at the 1st, 4th and 7th visits = ANGLE OF THORACIC KYPHOSIS 
The remaining 6 measurements are secondary measurements and were taken at each visit. 
 
 
 
 
E5 (ACROMION/C7 (LEFT)) E6 (INTER SCAPULAR (SUPERIOR ANGLE))E6 (INTER SCAPULAR (MIDDLE OF MEDIAL BORDER))E6 (INTER SCAPULAR (INFERIOR ANGLE))E6 (INTER AC OMIAL)E6 (ACROMION/C7 (RIGHT))E6 (ACROMION/C7 (LEFT))
12.6 13.1 14.2 32 15.8 16
15.1 16.5 18.1 39.7 20.4 20.2
17.4 17.7 17.9 37.8 19.8 19.5
19.4 20.4 23.3 46.4 39.9 23.4
17.2 18 19.1 37.8 19.5 19.8
15.5 16 17 32.1 16.1 16.1
18.5 17.7 16.2 37.2 19.6 19.1
14.6 15.2 15 36.5 19.5 18.6
16 16.6 17.8 38.2 19.5 19.6
18.2 17.9 21 38.1 20.5 20.6
15.5 16 15.6 37 18.6 18.5
11 11.6 12.1 21.4 15.9 15.5
16.2 15.9 16 34.1 17.5 16.8
16.7 16.8 17.4 34.3 16.8 16.7
13.1 12.9 14.2 29.7 15.7 15.6
16 16.4 17.9 35.2 17.9 18.4
17.4 17.2 17.8 33.1 16.8 16.7
13.2 13.8 14.1 32.4 16.2 16.3
14.5 14.6 15 36.4 16.1 17.2
14.1 14.6 15.1 29.7 14.1 14.5
15.1 14.9 16 32.6 16.5 16.5
16.1 16.2 16.6 37 19.1 19.1
13.3 13.5 14 32.6 15.9 15.9
12.1 12.5 13.1 31.2 16.1 15.4
20 21.5 22.1 41.9 21.5 24.1
12.3 12.6 13.6 31.2 15.6 15.6
12.5 13.4 13.6 32.6 17.1 17.6
12 11.9 12 32 16.4 15.4
16 16.8 18.2 39.6 18.2 19.4
11 12.7 13.1 29.5 14.1 14.1
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KEY: E = EVALUATION           
          GROUP:    1 = ADJUSTMENT         
                            2 = KINESIO TAPING         
                            3 = ADJUSTMENT + KINESI TAPING  
       
          GENDER:  1 = MALE    
                             2 = FEMALE  
The first column of each series (Bolder color) represents the main measurement and was only taken 3 times over the trial 
period, at the 1st, 4th and 7th visits = ANGLE OF THORACIC KYPHOSIS 
The remaining 6 measurements are secondary measurements and were taken at each visit. 
 
 
 
 
 
 
E6 (ACROMION/C7 (LEFT)) E7 (INTER SCAPULAR (SUPERIOR ANGLE))E7 (INTER SCAPULAR (MIDDLE OF MEDIAL BORDER))E7 (INTER SCAPULAR (INFERIOR ANGLE))E7 (INTER AC OMIAL)E7 (ACROMION/C7 (RIGHT))E7 (ACROMION/C7 (LEFT))
13 13.5 14.6 31.9 15.8 15.9
15 15.6 16.1 39.6 19.2 19.5
15 15.8 16.2 37.4 19.6 18.9
18 20 22.3 45.6 23.1 22.6
17 17.8 18.9 37.7 19.2 19.3
14.8 15.4 16.1 31.6 15.5 15.5
18.4 17.5 16 37.1 19.3 18.9
14.6 15 14.8 35.8 19.1 18.4
16 16.4 17.4 38.1 19.1 19.1
18 17.6 20.8 36.5 20 20.1
15.1 15.6 15.6 35.6 18.1 18.1
11.9 12 12.6 29.1 15.8 15.4
14.1 14.1 15.3 33.2 16.5 16.2
15.7 15.9 17.1 33.6 16 16
13 12.6 14.1 29.5 14.9 15.1
15.6 15.4 17.6 34.7 19.9 18.1
17.1 16.9 16.6 32.3 16.1 16.2
13.2 13.8 14.2 32.1 16.2 16.2
14.3 14.1 15 35.1 16 17.1
13.9 14.2 14.7 29.1 14.1 14.2
14.7 14.9 15.8 32.2 16.1 15.9
16 16 16.4 37 18.9 18.9
11.9 12.1 13.6 30.6 15.1 15.1
11.9 12.3 12.9 30.9 15.3 14.6
20 26.1 23 41.4 20.7 20.9
11.2 11.9 12.1 30.1 15.5 15.6
12.1 13.1 13.6 33.1 17.2 16.8
12 11.2 12.1 31.8 16 15.4
17.1 17.2 18.3 39.7 18.6 19.1
11 12.6 12.9 29.6 14.6 14.7
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